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SECTION I
INTRODUCTION

A.  OBJECTIVES

The objective of this research is to evaluate asphalt modifiers used in
recycling projects at Tyndall and MacDill Air Force Bases and Hurlburt Field.
The intent was to judge the adequacy of certain physical test results and
compare them to the adequacy of chemical components of modifiers to predict
performance attributes of the recycled pavement. The tentative modifier
selection criteria used in the judgement and variability limits prcposed from
an interlaboratory pilot study are included in this report as Appendix A.

B.  LACKASROUND

Research indicates that recycled pavements may have less tendency to
crack at low temperatures than virgin mixes (Reference 1). Other research
indicates that recycled mixes harden at a slower rate than control mixes when
measured by resilient modulus (Reference 2). Although no field data have been
collected to verify laboratory findings, the indication is that recycled mixes

may possess certain superior properties over virgin mixes,

Achievement of these improved properties seems to depend on several
factors:

Evaluation of Reclaimed Asphalt Pavement (RAP)
+ Selection of modifiers

Selection of virgin asphalt
+ Selection of virgin aggregate

The modifier has the greatest influence on Sinder characteristics,
particularly rheology. lUnder similar service conditions modifiers which
produce the same initial binder viscosity can affect pavement performance

quite differently during service (Reference 3) and in binder performance in
the laboratory [Reference 4),

. M e e A T .~.'~_-'. NPT AT P AT ettt \\\\\
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Data presented in this report are based on tentative recycling agent
selection criteria (Reference 4) used to evaluate recycled asphalt-concrete
from MacDill and Tyndall Air Force Bases and Hurlburt Field, Modifications to
the tentative recycling agent selection criteria and results of variability
Timits development efforts are included in this report,

The Tyndai’ recycled concrete materials were produced only in the
laboratory because the Air Force chose to place a conventional mix and sold
the RAP millings to the contractor. The modifiers used at MacDill Air Force
Base and Hurlburt Field were not preselected in accordance with the tentative
modifier selection criteria. The modifiers for the Tyndall Air Force Base

project had been selected to test the criteria,

C.  SCOPE

This research was performed under Contract No. F29601-84-C-0080, Suhtask
Statement 5.,07. Various materials were evaluated in conjunctior with the

objective of the research as shown below:

« RAP

« Asphalt recycling agents (modifiers)
+ Virgin asphalt and aggregate

« Reclaimed asphalt

+ Reclaimed modified asphalt

« Recycled Asphalt Concrete (RAC)

This report evaluates recycled pavement materials from Tyndall and
MacDill Air Force Bases and Hurlburt Field. The effort was conducted by the
New Mexico Engineering Research Institute (NMERI), Albuquerque, New Mexico.
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:~ SECTION II

" MATERIALS

S

n

Materials evaluated by this research were obtained from Tyndall and

Qx MacDill Air Force Bases and Hurlburt Field. The types of materials evaluated
:; are outlined below, although not all materials listed may have been evaluated
> at each base:

N « Drilled cores obtained prior to recycling

&

- « Cold-milled RAP

. . RAP modifiers

AC-10

L AC-20
)
-, Recycling agents
" « Virgin asphalts

A

g + Virgin aggregates

A . RAC
itj The distinction between RAP and RAC should be clarified. RAP is the asphalt
‘. . . Y . . . .

- concrete immediately after milling, before modifiers are added. RAC is the
_f RAP after modifiers and virgin aggregates have been added. Use of the term
:ﬁ RAC does not necessarily infer the material has been placed as a pavement.
‘,:

-

s A description of the materials obtained from each Air Force Base {AFB)
o and Hurlburt Field follows.

<

- A.  TYNDALL AFB

W

4 1. Cores

: Thirty 4-inch-diameter cores were supplied to NMERI from Runway 13R-
?3 31L by the Air Force Engineering and Services Center (AFESC) project officer
2 for preliminary analysis. The 30 cores were even-numbered. These cores were
-
~ obtained at 385-foot intervals along the runway as represented in Figure 1.
L’

G Certain cores were selected from trafficked and nontrafficked runway locations
l{; for special testing described later, These cores are shaded on Figure 1.
‘ -
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T/WC = Taxiway C
 g00 005 T/MD = Taxiway D
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16 O 0dd-numbered cores not
0000 tested at NMERI
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0000 NMERI
@® Cores specially tested
—_— 24 f— . at NMERI as described
" YoX Yeo) T/WD in Section III
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31L
Figure 1. Tyndall AFB Core Locations.




o
Runway 13-31 consisted of an asphalt-concrete pavement and open-
graded friction course (OGFC) prior to rehabilitation. Cold milling
{? operations removed various thicknesses of the old surface, including both OJGFC

and dense-graded material, to produce a level base for overlay construction.
. This cold-milled material is referred to as RAP. Because of time constraints
no RAP was evaluated for the Tyndall project.

The surface of the pavement consisted of 0.5 to 1.0 inches of 0GFC
R while the underlying course was dense-graded asphalt concrete., Since the
field RAP included both OGFC and dense-graded materials, both types of
materials were mixed in the laboratory before further evaluation,

LA SN
'

I

1

5 Y

2. Modifiers

2
0

Three 1-gallon samples of modifiers were obtained by NMERI through
‘x the AFESC project officer. Modifiers consisted of three recycling agents.

;' The recycling agents submitted for evaluation were petroleum-based products
- selected to reflect a broad range of such materials used in western Florida.
:5 Recycling agents are referred to as MBD-A, MBD-B, and MBD-C.
"n
,: 3. Virgin Asphalt
“3 An AC-20 asphalt was supplied to NMERI for evaluation by the AFESC.
:j This asphalt was to be used in recycled mixtures in case additional virgin
: binder was required due to use of virgin aggregate.
:: 4, Virgin Aggregates
:j Virgin mineral aggregates were added to the RAP in proportions of
Cx 30:70, 40:60, and 50:50 for RAP and virgin aggregates, respectively.
5 Aggregates were described as Alabama limestone,
Y,
4-‘
N B. MACDILL AFB
O
" 1. Introduction
e
e Two construction phases occurred during work at MacDill, Phase A
;2 refers to reconstruction of Taxiways 3, 4, 7, 9, 10, 11, 12, 16, and the
%I
\-
"
'_-:
I::‘ 5
e
‘:a
a
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junction Taxiways S5 and 36, Phase B refers to work on the connecting taxiway
‘ between Taxiways 7 and 36, Taxiways 4 to 5, between Taxiway 5 and the south
| apron, north and south aprons, and part of the junction between Taxiways 5 and
36.

2. Cores

Fourteen 6-inch-diameter cores from Taxiway 7 were supplied to NMERI
by the base personnel. These cores were obtained from six locations as shown
in Figure 2.

A1l cores were obtained from the Taxiway 7 pavement after recycling
operations were completed in Phase A, -

3. Milled RAP

A1l RAPs studied were supplied to NMERI by base personnel from Phase
B of the reconstruction effort at MacDill. Two types of RAP were supplied.
“In-use RAP" refers to material recycled and replaced in the pavement,
“Rejected RAP" refers to RAP not recycled for further use. Aggregate in the
rejected RAP consisted of gray slag. This material was identified during
Phase A reconstruction as a source of excessive fine material in the original
pavement.

4. Modifiers

AC-10 and AC-20 virgin asphalts, identified here as MBD-D and MBD-E
and two recycling agents, MBD-F and MBD-G, respectively, were supplied to
NMERI by base personnel. All four modifiers were used during Phase A
reconstruction. MBD-D was the only modifier used during Phase B
reconstruction,

Locations on Taxiway 7 where the four modifiers were used were not
supplied to NMERI.
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C.  HURLBURT FIELD
1. Milled RAP

The north-south runway was cold-milled between the months of May to
June 1985 and the milled RAP stockpiled. Samples of the stockpile were
obtained for testing by the project officer.

2. Modifiers

Two modifiers were supplied to NMERI through the project officer. The
first, Chevron AC 2.5, is designated MBD-20, and the second, Chevron AC 2.5
containing 0.5 percent antistripping agent, is designated MBD-20D., Type of
liquid antistripping agent is unknown. The paving contractor reported the
modifiers were from the same source, Full-scale recycling at Hurlburt report-
edly used MBD-2DD.

3. Loose RAC

Loose recycled asphalt-concrete was obtained from a transport truck after
loading at the hot-mix plant. Samples were taken from each of the four quad-
rants of the truck bed. RAC in this truck was placed approximately in loca-
tion TM shown in Figure 3.

4, RAC Cores

Cores of the RAC pavement were obtained by the paving contractor and
supplied to NMERI by Hurlburt personnel. Seven 4-inch-diameter cores were
supplied to NMERI by base personnel and tests conducted at NMER] in New
Mexico. Seventeen additional cores were obtained and tested by the paving
contractor. Core locations are unknown.

5. Virgin Aggregates

Virgin aggregates added to RAP during recycling are described as S-1
stone, stone screenings, and washed sand.
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SECTION [II
MATERIALS TESTING

ARG

'
A.  SUMMARY .
S
“~
An extensive number of tests and types of materials were evaluated in N
accordance with the scope of this project. Therefore, a summary 0f the *ests
performed for each type of material is included below. Certiin materials were
(
evaluated or obtained for special purposes: therfore, a description is i
included when necessary to clarify various aspects of this section.
B. TYNDALL AFS .
1. Cores if
+ Bulk and apparent density ASTM D 2726 (Reference 11) ;_
« Binder extraction ASTM D} 2172 {Reference 11) A
« Binder recovery AST™ D 1356 modified /Refarence 5! E
2. Core Binder "4
» Penetration ASTM D 5 {Reference 17) o
. Viscosity ASTM D 2171 (Reference 11) =
Y
« Composition AST™ 0 2007 modified (References 4,12) >
+ Solubility Heithaus modified {References 4,6) oy
Y
3. Core Aggregates ~
Gradation AST™ C 136 (Reference 11) -
3
« Specific Gravity ASTM C 127 and 128  (Reference 11)
4 Modifiers (Virgin AC-20 and Recycling Agents) -
.« Viscosity ASTM D 2170 and 2171 (Reference 11) g
+ Composition ASTM N 2007 modified {References 4,12) A
« Solubility Heithaus modified (References 4,6) f:
5. Modifiers {Recycling Agents Only) .E
« Weight loss ASTM D 2872 (Reference 11) =
Flash Point ASTM D 92 ‘Reference 11) -
]
10 R
E:;
".r; '_:.» "2 '1_:.' S : - -,;.',:.:,".‘ e~ e T -\‘.~_. T RO U _-'\-‘._’-\\
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6. Modifier/Core Binder Blends (Before RTFQ)

+ Viscosity AS™ D 2170, D 2171, D 3381
(Reference 11)
+ Penetration ASTM D 5 (Reference 11)
+ Rheology Schweyer apparatus (Reference 7)
« Ductility ASTM D 113 (Reference 11)
+ Composition ASTM D 2007 modified (References 4,12)
« Solubility Heithaus modified {References 4,6)

7. Modifier/Core Binder Blends (After RTFQ)

«  Penetration ASTM D 5 (Reference 12)
o Ductility ASTM D 113 (Reference 12)
+ Viscosity ASTM D 2171 (Reference 12)
« Composition (References 4, 12)
« Solubility (References 4, /)
3 RAC
+ Mix design Tentative recycling agent
selection criteria {Reference 4)
» Density-voids analysis TAI MS-2 (Reference 3)
+ Resilient modulus ASTM D 4123 (Reference 11)
« Marshall parameters ASTM D 1559 (Reference 11)

C. MACDILL AFB

1. Cores
« Bulk and apparent density ASTM D 2726 (Reference 11}
+ Binder extraction ASTM D 2172 (Reference 11)
* Binder recovery ASTM D 1856 modified (Reference 5)
« Resilient modulus ASTM D 4123 (Reference 11)
+ Marshall parameters ASTM D 1559 (Reference 11)

11
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2. Core Binder

+ Same as Tyndall AFB

3. Core Aggregates
+ Gradation
4, RAP Binder
+ Viscosity
+ Penetration
« Composition
+ Solubility
5. Rejected RAP Aggregates
» Abrasion*
6. Modifiers

« Same as Tyndall AFB
7. Modifier/RAP Binder Blends

+  Same as Tyndall AFB

*

Test conducted by Dr. Edees,
University of Florida, Gainsville,

12

............

ASTM C 136 (Reference 11)

ASTM D 2170, D 2171, D 2281
{Reference 11)

ASTM D 5 (Reference 11)
ASTM D 2007 modified (References 4,12)
(

Heithaus modified References 4,6)

FM 1 T 096 (Appendix D and
{Reference 10)
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D.  HURLBURT FIELD

l.

Cores

« Bulk and apparent density
+ Binder extraction

« Binder recovery

+ Resilient modulus

+ Marshall stability flow

Core Binder

s+ Penetration

+ Viscosity

« Composition
Solubility

RAP 3inder
« Viscosity

+ Penetration
+ Composition
Solubility

Modifiers

« Viscosity
+ Composition
« Solubility

AST™
AST™
ASTM
ASTM
ASTM

2726
2172
1856 modified
4123
1559

o O o O o

AS™M D 5
ASTM D 2170, D 2171,

(o]

ASTM D 2007 modified
Heithaus modified

AST D 2170, N 2171,

ASTM D 5
ASTM D 2007 modified
Heithaus modified

(Reference 11)
{Reference 11)
(Reference 5)

(Reference 11)
(Reference 11)

(Reference 11)

N 3381
{Reference 11)

(Raferences 4,12)
(References 4,6)

N 3331
[Reference 11)

(Reference 11)
(References 4,12)
{References 4,6)

AST™ D 2170, and 2171 (Reference l..

ASTM D 2007 modified
Heithaus modified

Modifier/RAP 3inder 3lends /Before RTFO)

+ Viscosity

«  Penetration

+ Rheology

(References 4.12)
(References 4,6)

AST™ 0 2170, B 2171, D 3381

ASTM D 5
Schweyer apparatus

13

(Reference 11)
{Reference 11)
{(Reference 7)




¢ Ductility
+  Composition
« Solubility

6. Modifier/RAP Binder Blends (After RTFO)

Penetration
« Nuctility
+ Viscosity
- Composition
« Solubility

+ Bulk and apparent density
« Binder extraction

« Binder recovery

« Resilient modulus

« Marshall stability/flow

E. DESCRIPTION
1. Tyndall AFB

a. Cores

The objectives of density testing of cores from Tyndall wer2 to
determine the level of compaction uniformity along the pavement,

were divided into six groups of five representing approximately equal segments

ASTM D 113

ASTM D 2007 modified
Heithaus modified

ASTM™
ASTM
ASTM
AST™
AST™

D5
J 113

D

o O o 9O O

1356 modified

(Reference 11)

(References 4,12)
(References 3,6)

{Reference 11)
[Reference 11)
(Reference 11)
(References 4,

(References 3,

(Refarance 11)
{Reference 11)
{eferencs 5)

'Reference 11)

{Refarence 11)

of the pavement, Density was evaluated by conventional one-way analysis of

variance (ANOVA) to determine if a significant difference in density occurred

along the pavement.

Binder and aggregate from five pairs of cores were evaluated as

shown in the previous summary. These five pairs represented trafficked and

nontrafficked pavement areas as shown below:
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f Core No.

t

:. Core Pair Trafficked Nontrafficked

ndl 1 12 24

o]

R 2 14 16

o 3 22 46

"-

o 4 26 28

o) )

- 5 50 56

I

A

‘j Extractions of all core pairs was accomplished; however, not all pairs were
;ﬁ evaluated., Viscosity and penetration were measured for Core Pairs 1, 2, and
L

3, and aggregate gradation was measured for Core Pairs 2, 4, and 5. [nference

$: statistics were used to estimate differences between the parameters measured
-a: for the various pairs. Composition and solubility test proceduraes are modifi-
;: cations of published methods (Reference 6 and 12). The modifications are

3 described in Appendices A and 8.

- b. Modifier/Core Binder Blends

A

:j Blends of core binder and each of the three modifiers were
- fabricated in the laboratory, All blends were fabricated according to the

3 Chevron blend chart shown in Figure 4 to produce a resulting blend viscosity of

2000 * 400 poises.
2. MacDill AFB

2,

'I

”, a, RAC Cores

*I

% Six-inch-diameter cores were obtained for NMERI by tne base

- personnel from Phase A reconstruction. These cores were tested for bulk and
:ﬁ apparent density prior to recoring to a more manageable 4-inch-diameter, The
7, 4-inch specimens were evaluated for Marshall parameters and resilient modulus.

b. RAP

~§ NMERI was supplied RAP from Phase B of the recycling project by
:: base personnel, Since cores were obtained from different pavement features

Y : ‘ .

o than from RAP, comparison of RAP properties with core properties is avoided,
2
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Asphalt viscosity, 60 °C (140 °F), poises

Figure 4. Percent Recycling Agent Required--Dependent On Viscosity
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o c. Modifier/RAP Binder Blends
g )

30 Reclaimed RAP binders were blended with MBD-D through MBD-G so
- that the resulting viscosity of the blend was 4000 £ 800 poises. Proportioning
A of RAP binders and modifiers was done using the Chevron blend chart shown in

o
:j Figure 4,

y
% 3. Hurlburt Field
\_ a. Modifier/RAP Binder Blends

a Reclaimed RAP binders were blended with MBD-2D and MBD-20DD so

' that the resulting viscosity of the blend was 2000 = 400 poises. Proportioning
7 of RAP binders and modifiers was done using the Chevron blend chart shown in

.? Firgure 4.

’l
,4 b. RAC Cores

J
pod Two sets of cores are described in this report., The first set,
:: seven cores, was taken by the paving contractor and supplied to NMERI oy base

"

S personnel, The second set, 17 cores, was obtained and tested by the paving
- contractor, The results of laboratory tests of these cores were supplied to
:% NMERI by base personnel,
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SECTION IV
RESULTS

A. TYNDALL AFB
1. Cores

Six groups of five cores each were evaluated for bulk density, The
results of this testing appear in Table 1. Cores are ordered in Table 1 from
Group 1 to Group 6 beginning at the top of the column, i.e., Core Number 2
bulk density is 2.211; Core Number 4, 2.135, and so forth.

The ANOVA source table at the bottom of Table 1 indicates a highly
insignificant F-statistic for groups. This indicates that no significant
difference in bulk density is present between groups of cores.

Because of the small guantity of material available for testina, cores
were combined so that enough binder would be available for testing. To 4o
this, cores were paired from trafficked and nontrafficked pavement areas as
previously stated., Extractions of the binder from these combined cores
allowed further evaluation by viscosity, penetration, and gradation. Results
of this work are shown in Tables 2 and 3 for certain pairs of cores. These
results seem to indicate that physical properties for combined binders of
trafficked and nontrafficked pavement regions are similar, Confidence
intervals for the mean viscosity, penetration, percent binder, and gradation
are shown in Tables 2 and 3. Note that all measured values lie within the 95
percent confidence limits for the mean of each parameter,

Because of the scarcity of binder, and because binder properties appearad
reascnably uniform, the bdinder from all cores was mixed., The results of
viscosity and penetration tests of this combined binder appear in Table 2,

2. Modifiers

Results of physical and chemical laboratory tests on the three
Tyndall AFB modifiers are shown in Table 4, Some properties of the virgin AC-

20 are included. Certain recommended limiting values (References 1 and

Appendix A) are also shown for some of these test parameters to help identify
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TABLE 1.

TYNDALL CORES, DENSITY ANOVA

Group
1 2 3 4 S
2214 2266 2212 2218 2.301
2135 2228 2.209 2280 2218
2230 2129 2.300 2209 2.256
2230 2327 2.241 2210 2234
2220 2.169 2230 2.143 2.300
Sum = 11.026 11.119 11.192 11.060 11.309
Avg. = 2205 2224 2238 2212 2262
n = 5 S ] S S
y2= 24 .32 2475 25.06 2447 2558
cT = 150.06
SS Groups = 0.02
SS Total = 0.08
SSkrror = 006
ANOY A
Source df SS MS F F.0S
Group S 0.0205 0.0041 1.750 262
Error 24 0.0563 0.0023
Total 29 00769

19

2270
2260
2.260
2.340
2260

11.390
2278

2595




TABLE 2. TYNDALL CORE PAIR BINDER, PHYSICAL PROPERTIES
Binder
Test Core Pair from core
Parameter 1 2 3 4 S pairsi-S
Viscosity,
140F , P 23600 24350 24550 n/a nfa 24170
IBECLC). = 22900 to 25400
Penetration,
77F, Otmm 17 13 13 n/a n/a 13
95 C.l. = 9to 20
Binder , B 6.1 6.3 54 6.0 52 --
I5EC.l = 4669
Cormposition:
Saturates, B No data 18.19
Asphaitenes, % for 3793
Aromatics, ® individual 152
Polars, ® cores 28.68
Polars + Saturates 1.58
Asphaltenes+Saturates 56.12
Solubility :
Asphaltene Peptizability, (P Q) 061
Maltene Peptizing Power (P ) No data 113
State of Peptization, (P) for 292
Limiting Dilution Ratio, (Xpin) individual 1.92
Limiting Titrant Yolume, (T) cores 218
‘Yaxman's Cotangent 145
N
p]
~
20 N
@
g
N
.
.- P L ~ . v
Ny S YN N NN NN AL A g T e e . X




.; : TABLE 3. TYNDALL CORE PAIR AGGREGATE, PHYSICAL PROPERTIES

"
(¢

d
4]

)]
L

) % Passing % Passing Spec *

Sieve Core Par SS® C.1. %
- Size 2 4 5 Passing
- 3/4° 100 100 100 100 100
:} 1/2 97 96 97 971 4 84-100
Y 3/8" 94 9 9 9244 3 75-93
. 4 65 66 67 6612.5 59-73

! g 8 30 45 51 45126 9 46-60
~ 16 27 22 36 31£112 34-48
: 20 18 22 24 - 22+76 24-38
: S0 12 14 15 13£38 15-27
™ 100 7 7 7 710 8-18
- 200 25 27 19 24410 36
»,
- : SG.+3/8"= 2732 2.746 2732

o S.G. -3/8"= 2773 2.808
'

. * From construction specifications, McDill AFB recycling project, MCD 65-8,

by A.Ravicher, PE.
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TABLE 4. TYNDALL MODIFIER PROPERTIES

Property Modifier Limits , Ref
MBD-A MBD-B  MBOD-C AC-20 in parenths

before RTFO:

Viscosity, 100F, P 22594 8393 1545 - -

Yiscosity, 140F, P 581 276 65 1815 1.0 (min)(3)

Viscosity, 212F, ¢St 1470 957 342 - 15.0 (min)(3)

Viscosity, 275F, cSt - - - 336 -

Slope Log¥is /LogTemp 8.86 8.10 7.10 - -

after RTFO:

Viscosity , 140F , P 1166 480 87 5254 -

Penetration, 77F, 0.01mm - - - 42 -

Weight Loss, B 029 0.26 017 289 1.0 (maxX3)

Viscosity Ratio, 2.06 1.74 1.34 - 3.0 (max)(3X13)

Composition :

Saturates, B 2322 229 229 - -

Asphaltenes, B 17.21 13.63 9.7 - -

Aromatics, & 1696 1944 2568 - -

Polars, B 426 4404 41 .65 - -

Polars + Saturates 183 192 1.82 - 0.50 (minX(3)

Asphaltenes+Saturates 4043 36.53 3267 - 40 (maxj(App.A)

Solbility :

Asphaltene Peptizability (P ) 0.66 0.68 0.8 - -

Maltene Peptizing Power (P ) 1.25 121 1.06 - 3.0+0%5(miny

State of Peptization,(P) 361 38 522 - (App.A)

Limiting Dikstion Ratio,(Xmin) 261 28 422 - - .

Limiting Titrant Yolume (T) 23 208 496 - -

¥axman's Cotangent 175 248 31355 - -

Note: Yiscosity at 100F and 140F by ASTM D2171
Viscosity at 212F and 275F by ASTM D2170
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which of the modifiers tested appears the most desirable for recycling
purposes.

Note the viscosity at 140 °F for the recycling agents, Fach
satisfies requirements associated with AC-5, AC-2.5, and AC-0.5 for M3D-A,
MBD-8, and MBD-C, respectively.

Some characteristics of modifiers that are important to the recycled

pavement are shown below.

MBD-A MBD-B MBD-C AC-20

+ Slope of viscosity/temperature

curve 202 75 14 13
+  Weight loss, percent N.29 0.26 0.17 --
« Viscosity ratio 2.06 1.74 1.34 2.39
« Asphaltenes + Saturates 40.4 36.5 32.7 --
+ State of peptization 3.61 3.30 5.22 --

The slope of the viscosity/temperature curve is a measure of the temperature
susceptibility of a material. Low-temperature susceptibility is desirabla for
asphalt binders; therefore it should be an important property for recycled
binders. Since it is logical that the temperature susceptibility, and all
other properties, of the recycled bSinder (reclaimed pavement Sinder « modi-
fier) would be influenced by the modifier, a modifier with low-temperatir2
susceptibility appears desirable, A minimum value of temperature
susceptidility of a modifier cannot be established within the scope of tnis
effaort,

Weight loss is an indication of volatilization of 3 material,
Volatiles are often associated with the maltene phase 2f an asphalt. Maltenes
are necessary to help prevent early hardening of an asphalt, Therefore, low
weight Joss is desirable,

Viscosity ratio is a measure of the increase 1n hardening of an
asphalt after it is heated in the presence of air, A low viscosity ratio is
desirable because it indicates that the asphalt will hecome brittle at a
slower rate than an asphalt with a high viscosity ratio.

AT Y, ".f"‘.rf.‘f".-"‘:"'-".-:‘ A e e T e T
. o B .. B >




ASM AL At A et b bR a b bbb b et e S AN AR R MR

FI LRI F 777 7 WS s RS

The gquantity of asphaltenes and saturates affects the above

properties in a directly proportional manner except for the state of
peptization. Therefore the lower the value of this parameter, the less likely
the asphalt will harden as it ages.

State of peptization is a measure of the dispersion of tne
asphaltenes in asphalt. High dispersion is desirable because hardening is
accelerated as asphaltenes coalesce.

Modifier MBD-C appears to be the most desirable candidate of the
three evaluated for use as a recycling agent, based on the above,

3. Modifier/Core Binder Blends

The three recycling agents were each blended with extracted and
recovered asphalt from the cores. Each blend contained varying quantities of
recycling agent so that viscosity of the blend lies within viscosity
tolerances specified at 140 °F in ASTM D 3381 for AC-20. Physical and
chemical properties of these blends are shown in Tables 5 and 6. Blends are
identified with the numeral 6 added to the modifier identification, as MBD-86,
for the modifier, MBD-B, blended with core binder.

A comparison of blend properties may indicate which blended material
will have the most desirable performance in the field. Comparing properties
as before:

MBD-A6  MBD-36  MBD-ChH
+ Slape of viscosity/temperature

curve 15.3 14.9 12.4
+ Weight loss, percent - - -
»+ Viscosity ratio 2.07 2.04 1.70
+ Asphiltenes + Saturates* 43.42 41,10 42,73
+ State of peptization * 2.56 2.37 3.45
+ Percent modifier 63 50 33

* After RTFO aging
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. TABLE 5. TYNDALL MODIFIER/CORE BINDER, PHYSICAL PROPERTIES
.
’
’
>
Property Modifier /Core Binder Blend AC-20 Spec
. MBD- A6 MBD-B6 MBD-Cé ASTM D32&1
- before RTFO:
~ Yiscosity, 77F P x E3 252 267 204 -
= VYiscosity, 140F, P 2073 2019 1676 1600-2400
. Viscosity , 275F, cSt 336 326 304 210 (mn)
% Slope Log¥is /LogTem 951 952 935 -
’ Penetration, 77F, 0.0tmm 60 60 69 40 (mn)
2 Penetration, 39 2F, 0.01mm 33 50 63 -
; Ductility , 60F , om 100+ 100+ 100+ -
after RTFO:
Viscostty , 140F, P 4286 4127 2844 -
Viscosity Ratio, 207 204 1.7 -
2 Penetration, 77F 41 43 54 -
Penetr ation Retained, ® 68 72 78 -
Ductitity , 60F , cm 13 25 61 -
- Modifier , % by blend weight 63 50 33
. requied for 2000P yiscosity
% Note  Viscosity at 140F by ASTM D2171
Yiscosity at 275F by ASTM D2170
Viscosity at 77F by Schweyer Rheometer (9)
()
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After modification, the core binder displays remarkably similar properties g

independent of the modifier used. However, the above data suggest modifier K
MBD-C produces the most desirable properties when blended with this particular .
core binder due to lowest percentage, highest state of peptization, and lowest
) viscosity ratio.

4, Recycled Asphalt-Concrete (RAC)

Virgin aggregates, modifier MBD-C, and virgin AC-20 asphalt were

added to aggregates and asphalt from pavement cores to produce RAC. Virgin

Aty A4

AC-20 was added in quantities so that the desired 5.0, 5.5, and 6.0 percent
binder-by-mix weight would result. Core mixtures and virgin aggregate were
mixed at ratios of 30:70, 40:60, and 50:50 by weight to produce RAC mixtures
having the target gradation shown in Table 7. This target is obtained by
using the average gradation of the three core pairs (shown in Table 3) from
the 3/4-inch seive to the Number 4 sieve. The midband of the specification
shown in Table 3 is used for the Number 8 to Number 200 sieves.

- %

Three different virgin aggregate gradations were required to modify A

the average core gradation so that the target gradatinn would result, The
three gradations used are shown in Table 7.

Modifier MBD-C was added to core mixtures so that the resulting
blended binder, after addition of AC-20 to bring the total binder tc the
desired 5,0, 5.5, or 6.0 percent values, contained 33 percent MBD-C by !

v e v v

modifier and core binder weight. "

Marshall mixture design procedures were used to determine optimum binder
content of the RAC mixtures, Three specimens each at three binder contents
were prepared for each RAC mixture. To produce the three different Sinder
contents, some additional virgin AC-20 was added to each of the mixes,
Therefore, the RAC mixtures contained three types of binders: (1) the core

binder, (2) MBD-C, and (3) virgin AC-20. l

XYY YN v
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TABLE 7. AGGREGATES USED IN TYNDALL RAC

Core Pars, Yirgin Wrgmn Yirgin Target
Sieve Avg. B Aggregate Aggregate Aggregate Gradation,
Size Passing % Passing B Passing % Passing B
30:70 Mixes 40 :60 Mixes 50 .50 Mixes Passing ‘
3/4" 100 100 100 100 100 2
1/2° 97 97 97 97 97 -
3/8" 92 92 92 92 92 >
4 66 66 66 66 66 . -
8 45 60 54 57 53 ~
16 3t 45 39 42 41 ~d
30 22 30 27 29 28 3
S0 13 25 19 22 21 .
100 7 15 12 14 13 .
200 2.4 5 3 5 45 S
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Results of laboratory testing of the three types of RAC mixtures dre
presented in Table 8. A graphical representation of this data is presented in
Figures 5 through 10.

The RAC mixtures satisfy all Air Force AFM 88-6 mix design criteria
except air voids. Required are air voids between 3 and 5 percent. The 50:50
RAC mixture at 6 percent binder content is the only mixture evaluated which
meets these criteria. Properties of the mixture at 6 percent binder are as

v
E
"

follows:
. + Marshall stability, 1b 2300
+ Marshall flow, 0.01 1in 12
« Air voids, percent 4.0
+ WA, percent 17.9
« Unit weight, 1b/ft3 150.5
+ Resilient modulus, 1b/in2 (x 103) 118

The high voids in RAC mixes, 30:70 and 40:60, are evidently produced by the
higher virgin aggregate percentage. Assuming gradation is not changed, these

high voids could be reduced by increasing binder content above 6 percent.
5. Oven-Aged RAC

Nine Marshall test specimens were prepared using the 50:50 RAC
material described above at 6 percent binder, These specimens were oven aged
at 140 °F for 0, 7, 28, 74, and 123 days and evaluatad for Marshall properties
and resilient modulus., Testing was conducted so that nine specimens were
tested at 0 days for resilient modulus f{nondestructive), and one of the nine
specimens was tested for Marshall parameters (destructive). Thereafter, the
eight remaining specimens were tested at 7 days for resilient modulus, and one
of the eight specimens for Marshall properties. In this way, all specimens
were finally tested after 123 days. The results are shown in Table 9 and

plotted in Figures 11 and 12.
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Figure 5. Tyndall AFB RAC, Marshall Stability versus Percent Binder. -
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Figure 6. Tyndall AFB RAC, Marshall Flow versus Percent Binder. :
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Figure 7. Tyndall AFB RAC, Air Voids versus Percent Binder.
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Figure 8. Tyndall AFB RAC, VMA versus Percent Binder.
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Figure 9. Tyndall AFB RAC, Unit Weight versus Percent Binder.
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Figure 10. Tyndall AFB RAC, Resilient Modulus versus Percent Binder.
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Figure 11. Tyndall AFB 50:50 RAC Marshall Properties.
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Figure 12. Tyndall AFB 50:50 RAC Resilient Modulus.
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An interesting trend occurs for Marshall stability and resilient modulus
as aging progresses. There is a loss of stability and a lowering of modulus
at 7 days aging, followed by an increase in both properties as aging contin-
ues, This is evidently due to the softening ability of the modifier, Initi-

ally, at 0 days, no softening has occurred, and properties are unaffected by
the modifier. At 7 days, softening of the reclaimed binder occurs, and
stability and modulus decline. As aging progresses, hardening of the blended
binder occurs, and stability and modulus begin to increase. Marshall stabil-
ity seems to become constant at about 28 days. Resilient modulus has not
leveled off at 123 days.

Binders were extracted after each aging period and evaluated for physical
and chemical properties. Results are shown in Table 10, The results indicate
viscosity to be the only parameter which measures significant changes in
binder properties as aging progresses. A fourfold increase occurs in 130 °F,
viscosity between 0 and 74 days. By contrast, the néxt most significant
change in any parameter is to T, with a 1,44 times decrease, This result
suggests that identification of aging by chemical means may appear to be
inconclusive,

However, a contrasting situation can be cited from the technical
literature. In a study documented in Reference 5, two California asphalts,
coastal and valley, were investigated as follows. The two asphalts had an
original consistency of AC-40 and each was air-blown to about 50,000 poises
viscosity at 140 °F. The coastal asphalt reached a Slown mean viscosity of
45,559 poises and valley asphalt a value of 49,508 poises at 140 °F. The
resulting aging indices were 10,6 for coastal and 12.1 for valley. Based on
these physical test results one would choose coastal asphalt because it
hardened the least amount. NMERI analyzed these materials for solubility and
found the following for the state of peptization (P): coastal soft (AC-40)
and coastal air-blown had 3.18 and 2.98; valley soft (AC-40) and valley air-
blown had 5.19 and 4.58. Using the P-values, the valley asphalt is more
homogeneously dispersed than the coastal asphalt and hence valley asphalt

would be a better choice than the coastal asphalt., This is because valley ;-
asphalt maintained a higher state of internal dispersion than coastal asphalt :§

)
due to air blowing. The significance of this argument is that, although e

changes in physical properties may be many times the changes in chemical 'S
properties of an asphalt system during aging, the choice to be made may be i'
influenced by results of a chemical analysis. Z:
36 -~

q

A,

2

N




& Bad ot B.v §ot fac aa ba' 6y 8e-

N
~
[\
&
|/
ho TABLE 10. TYNDALL RAC BINDER PROPERTIES
~|
4 y:
s Oven Aqing Period, days
b 0 7 28 74 123
Viscosity , 140F , P 2072 3597 - 7909 6605
) Penetration, 77F, 0.01mm - - - 33 18
g Penetration, 39.2F, 0.01mm - - - 16 18
P
F
-: Composition :
Saturates, B 21 61 22.26 - 2163 20 81
- Asphaltenes, B 2268 22.96 - 24 84 24 94
Aromatics, % 14 61 142 - 1318 1351
o Polars, % 41 1 4058 - 4036 40 84
N Polars = Saturates 19 1.82 - 187 1.9
" Asphaltenes+Saturates 44 29 4522 - 46 47 45 65
o Solubility -
1
. Asphaltene Peptizability , (P ) 0.64 062 - 064 065
: Maltene Peptizing Power (P ) 117 1.14 - 1.05 1.01
o State of Peptization, (P) 327 304 - 287 285
| Limiting Dilution Ratio, (X, ) 227 203 - 187 185
N Limiting Titrant Volume, (T ) 2.44 1.98 - 169 185
~ Waxman's Cotangent 1.72 168 - 168 178
')
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N
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B. MACDILL AFB
l. RAC Cores

Thirteen of the fourteen 6-inch cores were evaluated for thickness
and density prior to recoring to 4-inch diameters. The 4-inch versions of the
6-inch cores were then evaluated for Marshall properties and resilient
modulus. Results of this work appear in Table 11, The stability data in this

%
g
E

tahle are presented for general information purposes only.

Fewer cores were supplied from MacDill than from Tyndall;
consequently the type of analysis done for Tyndall core density was not
possible for MacDill. However, 95 percent confidence limits have been
developed for thickness and density for the 13 cores, and are reported at the
bottom of Table 11, Inspection of these limits and the core data suggest
significant variability may he present along Taxiway 7 with respect to
thickness and bulk density. Six of the thirteen cores are outside the

(PRI T

thickness limits, and seven of the thirteen cores are outside the density
limits. Because the locations where various modifiers were used are A

unavailable, the variability in core properties cannot be compared to modifier
properties.,

2. RAC Core Aggregates

Seven of the fourteen cores were chosen at random, extracted for the
asphalt binder, and sieve analysis ruyn on the resulting aggregates. These
resiults are shown in Table 12. The average Sieve analysis for the seven cores
is also shown with 95 percent confidence limits applied. MNote that aggregate

gradations for cores 4b and 4c are consistently outside confidence limits
applied to the average gradation.

3. RAC Core Binder

The seven cores not evaluated for aggregate gradation were also
extracted and binders evaluated far certain physical and chemical properties.

»
j
"y
h
[
:T
N

The results of physical testing appear in Table 13. Chemical test results are
summarized in Table 14,

38
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TABLE 11. MACDILL CORE PROPERTIES

6 inch Cores: 4 nch Cores:

Core Thickness, Buk Marshall Marshall Resilient Modulus Retained

No. n Density, Stability, Flow, Dry, psi Yet, psy Modulus
pcf bs QOtin x 1000 x 1000 B
1a 214 1333 860 27 584 729 125
1b 219 136 .4 1150 20 412 688 167
22 225 1404 damaged damaged 234 231 39
pa] 22 1382 860 18 161 245 153
2¢ 210 130.9 710 17 195 326 167
3a 253 1577 1940 P 582 807 139
b 248 154 6 2350 24 477 28 153
43 228 1421 1210 24 387 646 167
4b 212 1328 damaged damaged 94 151 161
Sa 193 1206 680 15 229 259 113
Sb 1.74 1086 520 16 218 474 218
6a 193 1206 1350 19 400 S50 138
&b 188 11735 1780 18 714 685 96
5%
Confid 2.00to 1249 to
Interval 228 14190
39
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TABLE 12. MACDILL SELECTED CORE GRADATIONS

A A ANR A =g

B Passing Avg. Spec
Sieve Core No. % Passing kS
Size 1a 23 3a 4 4c 6a 6b 195K C.I. Passimg
3/4" 100 100 100 100 100 100 100 100 100
. t/2" 100 99 99 99 99 98 98 9910.64 84-100
3/8" 93 90 93 98 9% 91 93 93426 75-93
4 67 70 67 86 80 67 70 72170 59-73
8 51 54 50 69 64 S50 52 S5617.1 46-60
16 44 47 43 56 53 42 43 47451 34-48
30 34 26 34 46 43 34 33 3714 8 24-38
S0 23 24 23 K3 29 24 £ 25431 15-27
100 LA LA 12 9 9 12 12 11412 8-18
200 59 63 64 39 47 6.8 72 5.9¢1.1 3-6
40
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Physical properties appear to be measuring variability between core

AN

binders as shown by viscosity and penetration test results, Ten of 13
core binders have viscosity values outside the 95 percent confidence limits,
and six of the 14 have penetration values, both 77 °F and 29 °F, lying

outside these limits. This is not a surprising result since four types of
modifiers were used as recycling agents on this pavement. Unfortunately, no
data were supplied NMERI regarding specific locations of the four agents used,
Therefore no conclusions can be offered relative to tne cause of high varia-
bility in physical properties other than this result is probadly caused oy
changes in agents,

The properties of the RAP binder are shown in both Tables 13 and 14,
denoted as "“Control."

Binder content is reasonably consistent., Two measurad values lie

outside the 95 percent confidence limits.

Chemical properties shown in Table 14 can be compared tn statistics
for each of these parameters shown in Table 15, Confidence limits have been
prepared for each parameter so that judgment of variability between cores can
be made. Note that the differences evident in physical propertiers are ahsent
for chemical properties. This evidence suggests that the chemical parameters
shown here are not sensitive to differences in the core Sinders, although
physical test results indicate a significant difference exists,

4, RAP Binder

Binder extracted from RAP of Phase B was evaluated for physical and
chemical properties. The results appear in Tables 13 and 14 under the column
heading "Cori.rol.” These results appear in these tables for convenience only.
Since RAP binder comes from Phase B and RAC core binders are from Phase A, a
direct comparison is not possible. To do so would require assuming RAP ninder
from Phase A has the same properties as RAP binder from Phase B.

5. Rejected RAP Aggregates

Gray slaq aggregates from Phase B which were not used in the
recycling effort were evaluated for abrasion resistance using the modified Los
Angeles abrasion test (Appendix D). Values obtained for these matarials are
shown below.
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Sieve Fraction Tested Loss on Number 50 Sieve* Maximum

After Abrasion, % Permitted, %
No. 4 to No. 16 25 18
No. 16 to No. 30 39 18

6. Mnd-“iers

Results of physical and chamical laboratory tests on the four modifiers

evaluated from MacDill AFB are shown in Table 16, Certain recommended limit-
ing values (References 4 and Appendix A) are also shown for some of these test
parameters to help identify which of the modifiers tested appears the most
desirable for recycling purposes.

Characteristics of modifiers discussed earlier for Tyndall materials

which should also be important to the recycled pavement at MacDill are shown
below.

MBD-D MBD-E MBD-F MBD-G

+ Slope of viscosity/temperature

curve Not Determined
+ Weight loss, percent - - Nn.77 n.47
« Viscosity ratio 2.27 2.21 2.09 1.91
+ Asphaltenes + Saturates 38.65 38.28 38.63 38.03
+ State of peptization 3.75 3.77 3.22 3.45

These modifiers cannot be juuged precisely like the Tyndall modifiers because
temperature susceptihility and weight loss were not determined for all

materials. Temperature susceptibility could not be determined because no two
equivalent temperatures were used to evaluate all modifiers, Weight loss was

not measured for the AC-10 and AC-20 because of an insufficient supply of
material,

*No correlation has been made hetween modified Los Angeles abrasion results
and ASTM C 535.
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TABLE 16. MACDILL MODIFIER PHYSICAL AND CHEMICAL PROPERTIES

T WY ey Y T Y WIS

Property Modifier Limits, Ref
MBD-D MBD-E MBD-F MBD-G n parenths
before RTFO:

Viscosity, 39.2F , P x E+06 114 21 - - -

Viscosity, 77F, P x E+06 0.5t 1.98 - - -

Viscosity, 100F, P - - 2491 4718 -

Yiscosity, 140F , P €76 1957 159 197 1.0 (mnX3)

Viscosity, 21 2F, ¢St - - 741 821 15.0 (mn)3)

Viscosity, 275F, ¢St 254 417 - - -

after RTFO:

Viscosity, 140F, P 1532 4332 333 377 -

Weight Loss, B - - 077 047 1 0 (maxX3)

Viscosity Ratio, 227 22 2.09 1.91 30 (max)(IX . 3)

Composition :

Saturates, B 1520 1303 18.38 1743 -

Asphaltenes, ¥ 23 45 3525 2025 2065 -

Aromatics, ¥ 2311 2027 24 68 2399 -

Polars, B 3824 4145 36.69 3793 -

Polars + Saturates 252 318 200 2.18 0.53(min) (+)

Asphaltenes+Saturates 38.65 3828 38.63 28.08 40(max) (App.A)

Solbility :

Asphaltene Peptizabitity (P ) 068 067 0.70 068 -

Maltene Peptizing Power (P ) 1.20 123 097 1.1 3.0+0.5min.

State of Peptization, (P) 37 377 322 345 '(Aﬁp'p.. —\) h

Limiting Dilstion Ratio ,(Xqip) 275 2.1 222 245 ~

Limiting Titrant Yolume (T ) 292 297 224 234 -

Waxman's Cotangent 206 198 232 215 -

Note 1: Viscosity at 39 2F and 77F by Schweyer Apparatus(9) Note 2: MBD-D &
Viscosity at 100F and 140F by ASTM D2171 MBD-E are AC-10
Yiscosity at 212F and 275F by ASTM D2170 & AC-20, resp.
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However, based on the criteria stated before for Tyndall modifiers, the
MBD-G modifier appears the best overall choice for use. Viscosity ratio and
asphalteness + saturates are lowest, and tne state of peptization represents
about the average of the four materials. According to the variability limits
in Appendix A, the above four modifiers may be said to be equally preferable

on a composition and solubility basis.

7. Modifier/RAP 8inder Blends

13 The four modifiers were each blended with extracted and recovered

asphalt from RAP taken from pavements in Phase B of reconstruction. Each
blend contained varying quantities of recycling agent, shown in Table 17, so

N that viscosity of the blend lies within viscosity tolerances specified at
A
N 140 °F in ASTM D 3381 for AC-40. Physical and chemical properties of these
) blends are shown in Tables 17 and 18. Blends are identified with the numeral
: 5 added to the modifier identification, as MBD-D5, for modifier MBD-D blended
J with RAP binder,
.
A comparison of blend properties may give an indication of which
blended material will have the most desirable performance in the field.
Comparing properties as for the Tyndall blends:
MBD-D5  MBD-E5 MBD-F5  MBD-G5
+ Slope of viscosity/temerature
curve 9.75 9.73 9.87 9.94
+ Weight loss, percent - - - -
+ Viscosity ratio 2.25 2.31 2.28 2.04
+ Asphaltenes + Saturates* 45,82 43.18 47.74 47.17
X « State of peptization* 3.11 2.89 2.67 2.90
] + Percent modifier 58 78 40 42
. *After RTFO aging
Y 47
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After modification, the MacDill blends display somewhat more varied properties

than the Tyndall hlends. The difficulty in choosing the most desirable
modifier lies in determining whether the differences seen between parametars
are significant. In other words, for state of peptization, is 2.67
significantly different than 3.11? If so, for asphaltenes + saturates, is
45,82 significantly different than 47.74? If these values for these
parameters can be shown as significant, the next question involves absolut=
value of each parameter, It is known that low asphaltenes + saturates and
high state of peptization are desirable, but, given a conflict between mater-
ials, as in this case, which should be chosen? The outline below may be of
some help.

Parameter Desire Material Which Satisfies

« Slope of viscosity/

temperature curve ¥ MBD-E5
+ Viscosity ratio + MBD-G5
« Asphaltenes + Saturates* + MBD-E5
+ State aof peptization* 4 MBD-05
+ Percent Modifier + MBD-F5

Deciding upon a modifier is difficult, since all four benefit the
RAP after modification in some way. MBD-E satisfies more parameters than the
others, but are the parameters it satisfies as significant to pavement
performance as the remaining three parameters? If cost is no object, modifier
MBD-F can be eliminated because it satisfies no performance parameters,

Answers to these questions are not available at this writing because
no field performance data exist which could substantiate claims as to which
parameter or combination is the most important,

* After RTFOQ aging
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C.  HURLBURT FIELD \

I st

l. RAC Cores

Test results from seven cores obtained at Hurlburt and provided to
NMERI for testing are summarized in Table 19. Test results of 10 from 17 J
additional cores evaluated by the paving contractor appear in Table 20. The
NMERI-evaluated core data in Table 19 indicate a substantial variation in
binder content and air voids. Binder content variation ranqes from 4.7 to h.6
percent for Cores 13 and 23 and Core 17, respectively. Air voids variation
ranges from 1.2 percent for core 17 to 6.9 percent for Core 25. Tadle 19
indicates the range for the 95 percent confidence limits for the mean of each
parameter and identifies values out of this range. Average Marshall stability
for the seven cores is 1030 pounds with standard deviation of 310 pounds. One

core had a stability of 1665 pounds, well outside the upper 95 percent
confidence limits for mean stability. This same core is also well above the

1 &

95 percent confidence limits for resilient modulus before and after water '
treatment. The anomoly is that this core has next to the highest binder
content and next to the lowest air voids. The stability data in Table 19 dre
presented for general information and not to invalidate the contractor's data
in Table 21,

PR L

Data measured by the paving contractor on 10 additional core discrepancy

P o S O I

sampl2s compare core density with laboratory-compacted density of loose =mix
representative of in-place materials. These data are presented in Tadle 27
and show the relative compaction of the in-place mix, Table 20 shows 95

percent confidence limits for the mean core and laboratory densities,
Compaction percent was not calculated for core or lahoratory specimens lying

nutside the 95 percent confidence limits for either density parameter,

. ,. LR

2. Loose RAC

[ R % B

Data presented in Table 21 are densities and Marshall properties for
loose RAC compacted in the laboratory and tested by the paving contractor.
Notice that average Marshall stability is considerably hijher than shown 10 r
Table 19; however, specific gravity and flow are approximately equal, This S
discrepancy in stabilities supports the claim that field and lahoratory i
Marshalls are not comparable,
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TABLE 20. RAC CORE PROPERTIES, CONTRACTOR EVALUATION

Core Core Loose Mix Compaction,
No. Specific Specific B
Gravity Gravity
1E 2323 2349 *
1A 4 2249 2347 *
% 2338 2346 ¥
2y 2325 2.356 98.7
2E 2321 2356 985
3y 2319 2362
4€ 2338 2362 %
4 2323 2368 #
SE 2135 # 2355
Sv 2.313 2.355 98.2
95%
Confid 2264 to 2.351 to 98.3 to
Limits 2352 2.361 98.7

e e p T YA, Y, T R L S
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TABLE

A, A

21. LABORATORY-COMPACTED LOOSE RAC, CONTRACTOR EVALUATION

Core Marshall Marshall
No Specific Stability, Flow,
Gravity bs Ot in

1 2.363 2565 16
2 2.349 2285 16
3 2.346 2510 16
4 2.356 2220 15
S 2.362 2580 14
6 2.368 2410 15
7 2335 2540 14

PR

Confid 2349 to 2310 to 14 to
interval 2.365 2570 16
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3. RAC Core Binder

Physical and chemical properties of binders obtained from the seven
cores submitted to NMERI for testing appear in Table 22. Recovered “inder
viscosity varies between cores, as might be expected. Core 1 has the highest
viscosity and correspondingly lowest penetration. Since locations of cores
are unknown, speculation for this difference cannot be made. However, Core
1 also had the nighest stability and resilient modulus. This comparison
simply suggests that a wide variation in material properties occurs within the

recycled pavement.
4, RAC Binder From Laboratory Compacted Specimens

Physical and chemical properties of binder from laboratory-molded
RAC appear in Table 23. Note that viscosity at 140 °F and penetration at
77 °F match values obtained for Core 1 from Table 22. This suggests that a
wide variation in physical properties exists for Hurlburt recycled materials,
However, the variation seen in physical properties is not present for chemical
properties. This suggests that a poor correlation exists between viscosity
and penetration and the composition ard solubility parameters. Table 24 is a
summary of average composition and solubility parameters for Table 22 and
Table 23 materials. Core 1 was included in the average for one column in
Table 24 and not included in another column. This was done to preclude any
Jias in the average results by this binder of significantly higher viscosity.
Note the insignificant difference between Column 1 and Column 2 data, but an
apparent difference between these and Column 3 data. Core 1 and other
Column 1 cores have essentially equal chemical properties (little difference
between Columns 1 and 2), but Columns 1 and 2 and Column 3 have dissimilar
chemical properties, This comparison further suggests a poor correlation
exists between physical and chemical properties for the recycled binders at
Hurlburt. However, Column 3 recycled mixtures were reheated in the
laboratory.

This Tlack of correlation between physical and chemical properties

pinpoints the significance of conducting a thorough preliminary material
analysis to establish the potential for variabilities in the existing pavement
materials. Establishment of a material variability profile can lead to




U e ¥ . . LT @IS T, @

P01 $Z1 80| 1674 091 81t Al yuabueyo) s, uewixe m
891 vl St i 6512 FAAY A 99| gb'1 ,motiie, peqt buun
c8'| 0%’} £l 0zz $0¢ 1S} sg'l (V1Y) oney votynirg burytuny
ShZ 0gZ £eZ 0Z'¢ f0'E 182 88'Z (d) ‘vone21de 40 9\e)g
621 101 80'| 8Z'\ g1 91’1 90’} (Og) 49mod buizydag audyery
IS0 iS50 S0 090 £90 GS0 S50 (Pa) ingiqeziyday suayeydsy
: fypangos
GILp pOSP  $Z9Y 098P Stiv 6lU2p 090S sajenjegsaudyeydsy
S02Z $SZ S2Z St 811 01z 002Z sajeaneg - suejod
9b' 8¢ MNP 6268 9£8E 0868 0Z 8¢ 96 ¢ % ‘ssefod o
68 €1 68bl 8L 8 Z\ SLZi 19p1 £V bl % ' soyewo.ry w
1882 1IS9Z 1182 v6'9Z 80'GZ 062 60 £% % ‘ saudyeydsy
8281 §691 Ii¥il  981Z L8z cl'sl ISt % ‘sajeunjeg
uosoduso)
zZ 1S - (174 iz L 8 Um0 “ 4T 6E ‘vone N auay
b 74| - 1% £9 v $Z w10 ‘422 ‘vonenausg
1265 A1) 9682 G609 £¥9Z 162 Zr8be d " 30p1 ‘fisoasip
274 £Z (174 Lt b 9 1
J9png 3107 fiysadouy

S3IT1¥3d0¥d TVITWIHI ANV TYIISAHd YIONIE JHY0I IvH LYngTNH 22 319vl




Wala ]

pw e

TABLE 23. HURLBURT RAC LABORATORY-COMPACTED PHYSICAL AND CHEMICAL PROPERTIES

Lo R

y Property Core Binder
N 1 2 3 4
Viscosity, 392F, x EO6 P 856 768 567 475
L Viscosity, 77F, x EO6 P 20 22 18 1.8
W Viscosity , 140F, P 24985 30372 25055 27643
» Viscosity, 275F , ¢St 901 1076 821 976
Penetration, 77F, .01 mm 26 24 27 26
Penetration, 39.2F, 01 mm 14 13 15 13
- Ductitity, 60F, cm S S S S
. Composition :
é
™ Saturates, ® 155 153 158 158
Asphaltenes, B 346 348 340 346
Aromatics, B 16.1 158 160 155
Polars, B 338 342 344 340
£ Polars = Saturates 22 22 22 2
N Asphaltenes+Saturates 30.1 301 498 50.4
; Solubitity
. Asphaltene Peptizability ,(Pa) 0.51 0.51 0.52 052
- Maltene Peptizing Power (P ) 108 1.08 1.05 1.03
- State of Peptization, (P) 2.2 222 218 213
- Limiting Dilution Ratio, (Xpip) 1.21 122 1.18 113
. Limiting Titrant Volume (T ,) t 27 1.32 1.27 124
. Waxman's Cotangent 1.03 1o 1.03 102
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TABLE 24. HURLBURT BINDER CHEMICAL PROPERTIES COMPARED, CORES VERSUS
LABORATORY -COMPACTED

Table 22 Table 22 Table 23

Average w/ Average w/o Average
Composition: Core No. 1 Core No. 1 Table 23

Saturates, ® 18.95 19.19 1560
Asphaitenes, B 2833 2754 24 .50
Aromatics, ® 1398 13.91 1585
Polars, B 38.73 29.36 324 10
Polars - Saturates 207 208 219
Asphaltenes+Saturates 4728 46.73 50.10

Solsbility :

Asphaltene Peptizability ,(P ;) 0.56 057 052
Maltene Peptizing Power (P) 1.16 1.18 1.06
State of Peptization, (P) 268 273 219
Limiting Dilution Ratio, (Xmin) 167 1.7 1.19
Limiting Titrant Yolme , (To) 1.75 1.80 1.28
¥axman's Cotangent 1.27 128 1.02
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fﬁ selection of one or a multiple of modifier products to meet the prevailing
gs needs. This approach can assist in closing the gap of disagrement as observed
ﬁQ: in this part of the study.
~ 5. RAP Binder
e
:E Physical and chemical properties of RAP binder are presented in Table 25.
EQ Extractions of RAP yielded binder content as shown in the table.
& 6. Modifiers
N
;ﬁg Results of physical and chemical laboratory tests on the two
modifiers evaluated from Hurlburt Field are shown in Table 26. Certain
o recommended limiting values (Reference 4 and Appendix A) are also shown for
sﬁ some of these test parameters to help identify which of the modifiers tested
ié appears the most desirable for recycling purposes.
qi Characteristics of modifiers discussed earlier for Tyndall and
53 MacDill materials which are also important to the recycled pavement at
- Hurlburt are shown below.
Fé
N MBD-2D MBD-2DD
Von
|::'|
v - Slope of viscosity/temperature curve 9.09 9.12
o + MWeight loss, percent 0.03 0.63
- + Viscosity ratio 2.13 2.07
'5: « Asphaltenes + Saturates 40.93 42,77
o . State of peptization (Before RTFO) 3.06 2.90
o (After RTFO) 2.63 2.77
.
A/ % Based on the criteria stated before for Tyndall modifiers, either modifier
jf. appears adequate for use as a recycling agent. Temperature susceptibility,
ﬁj: asphaltenes + saturates, and weight loss are lowest, and state of peptization
xff highest, before RTFO for MBD-2D. However, after RTFOQ, MBD-2DD has a higher
[-.{ state of peptization. MBD-2D hardens somewhat more than MBD-2DD, but overall,
- properties are similar.
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TABLE 25. HURLBURT RAP BINDER PHYSICAL AND CHEMICAL PROPERTIES

Property Run
1 2 3 Avg
Viscosity, 140F, P 310024 331458 - 320741
Binder, B 6.64 6.58 6.68 6.63
Composition:
Saturates, B 2095
Asphaltenes, B 3223
Aromatics, B 10.20
Polars, % 3662
Polars -+ Saturates 175
Asphaltenes+Saturates 53.18
Solubility :
Asphaltene Peptizability ,(P5) 0.60
Maltene Peptizing Power (Po) 1.04
State of Peptization, (P) 264
Limiting Dikstion Ratio, (Xmin) 1.64
Limiting Titrant Yolume (T,) 153
Waxman's Cotangent 1.58
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TABLE 26. HURLBURT MODIFIER PHYSICAL AND CHEMICAL PROPERTIES

Property Limits,
MBD-2D MBD-2DD Ref in O
Before RTFOT :
Viscosity , 100F, P 8133 9719
Viscosity , 140F , P 285 210 >1 (3)
Viscosity, 212F , ¢St 1005 1174 315 (3)
Flash Point, F 615 395 * 3450 (3)
After RTFQT:
Yiscosity , 140, P 607 643
Yeight Loss, B 0.03 0.63 1.0 (3)
VYiscosity Ratio 213 207 30(3)
Composition, before RTFOT :
Saturates, B 20.94 2420 -
Asphaltenes, % 19.99 18.57 -
Aromatics, ® 2282 19.02 -
Polars, ® 36.26 3822 -
Polars + Saturates 1.73 1.58 »0.5 (3)
Asphaltenes+Saturates 40.93 421 »40(App.A)
Solubility, before RTFOT:
Asphaltene Peptizability (P ;) 064 0. -
Maltene Peptizing Power ,(P ) 1.09 1.06 -
State of Peptization, (P) 3.06 2.90 »3.0%0.5
Limiting Dikstion Ratio, (Xmin) 2.06 1.90 -
Limiting Titrant Yolume , (T) 1.87 183 -
¥axman's Cotangent 1.90 1.77 -

Solubility , after RTFOT :

Asphaltene Peptizability , (P ,) 061 061 -
Maltene Peptizing Power ,(Po) 1.03 108 -
State of Peptization, (P) 263 2.77 »3.0%0.5
Limiting Dilution Ratio, (Xmin) 163 1.77 -
Limiting Titrant VOW,(TO) 1.61 1.85 -
Yaxman's Cotangent 1.56 13 -

Test discontinued due to foaming and splattering.
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7. Modifier/RAP Binder Blends

The two recycling agents were each blended with extracted and
recovered asphalt from RAP, Each blend contained 66 percent recycling agent
by weight so that viscosity of the blend lies within 2000 = 400 poises
viscosity at 140 °F. Physical and chemical properties of these bhlends are
shown in Tables 27 and 28. 8lends are identified with the letter H added to
the modifier identification, as MBD-2DH, for modifier MBD-2D blended with RAP

binder.

A comparison of blend properties may indicate which blended material

will have the most desirable performance in the field, Comparing properties
as for the Tyndall and MacDill blends:

MBD-2DH MBD-2DDH

» Slope of viscosity/temperature curve 9.28 9.41
+ Weight loss, percent - -

+ Viscosity ratio 2.00 2.36
+ Asphaltenes + Saturates* 45,35 45,49
+ State of peptization* 2.77 2.64

Based on the data shown, either modified system would be sufficient and
compatibility between either modifier and RAP bhinder can be considered
equivalent.

3. RAC Aggregates

RAC Cores were extracted and the gradation of aggregates obtained.
Results of these tests appear in Table 29. Aggregates from the 14 cores
evaluated by the paving contractor also appear for comparison with job mix
formula and specification grading. Note that while exact comparison between
contractor data and NMER] data is not present, a very close relationship

exists. Also, average grading of the NMERI core aggregates and contractor
aggregates meet the specification limits,

* After RTF0O aging
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TABLE 27. HURLBURT MODIFIER/CORE BINDER PHYSICAL PROPERTIES

Property

MBD-2DH MBD-2D0H
before RTFO:
Viscosity, 77F, P x E6 7.4 9.5
Viscosity, 140F, P 1685 1924
Yiscosity, 275F, ¢St 320 334
Slope Log¥is /LogTemp 928 941
Penetration, 77F, 0.01mm 75 68
Penetration, 39.2F, 0.01mm 29 28
Ductitity , 60F , cm 88 9t
after RTFO:
Yiscosity, 140F, P 3378 4545
‘tiscosity Ratio, 200 2.2€
Penetration, 77F 30 42
Penetration Retained, ® 67 62
Ductility , 60F , cm 20 19

Mote: Viscosity at 140F by ASTM D2171
Viscosity at 275F by ASTM D2170
Yiscosity at 77F by Schweyer Rheometer (9)
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TABLE 28. HURLBURT MODIFIER/CORE BINDER BLEND, CHEMICAL PROPERTIES

Modifier /Core Binder Blend

MBD-2DH MBD-2DDH
Property Before After Before After
RTFO RTFO RTFO RTFO

Composition :
Saturates, % 21.06 2011 2238 2144
Asphaltenes , B 2324 2524 2226 2405
Aromatics, % 18.17 17.95 15.69 1655
Polars, ® 3754 36N 3966 3797
Polars + Saturates 1.78 1.83 1.77 1.77
Asphaltenes+Saturates 44 .30 45.35 44 64 45 .49
Solubility :
Asphaltene Peptizabitity ,(P4) 062 061 061 0.61
Maltene Peptizing Power,(Po) 099 1.08 1.04 103
State of Peptization, (P) 262 2.7 263 264
Limiting Dilution Ratio, (Xip) 162 1.77 163 164
Limiting Titrant Yolume ,(T) 1.67 185 t.61 1.53
Yaxman's Cotangent 163 1.5 1.56 1.58
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9. RAP Aggregates

RAP obtained during construction was extracted from asphalt binder and
aggregates sieved to produce the gradings shown in Table 30. Also shown in
the table is the average result of sieve analyses performed by the paving
contractor on a small-scale sample of RAP obtained prior to construction.
Note close comparison on all sieves down to the Number 50 sieve. The finer
contractor aggregates below the Number 50 sieve are apparently due to
differences between small-scale and large-scale milling operations.
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TABLE 30. HURLBURT RAP AGGREGATES

ﬁ.,.l..

| WA AL

% Passing

Sieve Test Test Test Avg. Contractor
Size No. 1 No. 2 No. 3 Prelim €
3/4" 100 100 100 100 100
172" 98 97 95 97 98
z/8" 96 94 90 93 92

4 86 80 78 81 82

8 73 66 67 69 74

16 €3 58 58 60 S8

30 49 48 43 47 46

S0 26 23 20 23 33
100 12 9 9 10 19
200 é S 4 S 11

*

Courtesy of Okaloosa Asphalt Enterprises, Inc.
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SECTION Vv
? CONCLUSIONS

A.  TYNDALL AFB

1. Testing of cores from Tyndall Runway 13R-31L indicates density of

e ¥y v ¥

cores, viscosity of binder from cores, and gradation of aggregate from cores
to be relatively uniform along the runway length.

2. Three recycling agents were evaluated from Tyndall AFB. All three

«w -

meet the “Tentative Recycling Agent Selection" criteria and all three came
from a single source.

3. Recycling agent MBD-C appears to be the most desirable of the Tyndall

recycling agents based on certain physical and chemical properties.

4, Asphalt properties were measured for compacted test specimens after
aging in a 140 °F oven up to 123 days. Of the tests performed, conventional
viscosity measurements appear to be the best means to measure changes in the
aged asphalt., Viscosity and penetration may also be better predictors of bulk
changes in asphalt behavior for asphalt aged in the rolling thin film oven,

B. MACDILL AFB

1. Asphalt concrete from Taxiway 7 (Phase A) was rather nonuniform after
recycling basad on test results from 14 cores taken at six different loca-
tions. Uniformity was judged based on density and thickness of cores, visco-
sity and penetration of binders from cores, and agg. 2gate gradation.

2. Four recycling agents were used in Phase A reconstruction; one was
used in Phase B recycling, Al) meet the "Tentative Recycling Agent Selection™

criteria.

3. Prior to blending with RAP binder, modifier MBD-G appeared best suited g
for recycling. However, after blending, modifier MBD-D AND MBD-E appear to Lj
influence blend performance significantly better than any of the others., This ?
is measured by the significantly higher 60 °F ductility before RTFU i
conditioning. 9
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4. Physical tests of RAC core binders appeared more sensitive to changes )
in material types than chemical tests.

C.  HURLBURT FIELD

1. Modifiers used at Hurlburt met criteria for physical requirements.
This did not meet chemical criteria for asphaltenes + saturates, Both modifi-
ers exceeded the 40 percent limit by 1 percent and 3 percent, respectively,
for MBD-2D and MBD-2DD. However, these deviations are within the variability
limits presented in Appendix A.

2. A large difference was evident between physical properties of RAC
cores and laboratory compacted RAC. The laboratory-compacted materials were .
generally stiffer, that is, had higher resilient moduli and Marshall stabili- ]
ties with equivalent flow values. The difference in stiffness was probably
due to the reheating process in preparing the laboratory-compacted
specimens.

3. Physical and chemical properties of RAC recovered binder do not
appear to correlate well. Where physical properties such as viscosity and
penetration showed differences between various materials, chemical properties
did not. And, when chemical properties suggested differences, physical
properties did not.

D.  GENERAL CONCLUSIONS

The results of the effort have indicated that choices of a best-
candidate modifier can be difficult based on a single set of properties. Also
some of the results have shown that viscosity may be more sensitive to measure
changes during aging conditions of binders than chemical properties.
Discussions with many experts in asphalt chemistry indicate that chemical
changes of even 10 percent can result in substantial changes in physical
properties. Thus, what may appear to be a very significant change in physical
properties numerically may likewise be a very significant change on a chemical
basis.
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Since the modifiers were not chosen using the criteria outlined in '
the tentative modifier selection specification, to make any inferences about N
performance would be inappropriate. To validate the selection criteria, the \
modifier selacted should meet the specification before use.

The results in this study have not totally indicated the independent
adequacy of physical tests from chemical tests in evaluating modifiers for hot
recycling applications. Such proof can only be determined from a properly
designed experiment in which variables can be controlled, y

l' " " .'ﬁ
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SECTION VI
RECOMMENDATIONS

1. Field testing is needed to verify test criteria for modifiers and
blends of modifiers and RAP binder. Blending RAP binder and modifiers to
equivalent viscosity does not provide equivalent physical or chemical proper-
ties. However, before criteria can be affirmed for other physical and cnemi-
cal parameters, full-scale field tests are needed to help identify these other
significant physical and chemical criteria and to help establish limits for

specification purposes,

2. Existing design and construction criteria for RAC are essentijally
equivalent to those for virgin asphalt concrete. However, benefits of recy-
cling agents in RAC mixtures have been observed, The incorporation of these
benefits in mix designs is lacking and, therefore, more effort is required to
establish the connection.

3. The blending criteria used in this research assume all RAP binder
combines with the recycling agent to produce the target viscosity. Unfortu-
nately, no procedure exists to determine if this assumption is accurate.
Certainly, less than 100 percent of RAP binder actually combines. Therafore,
the actual viscosity of RAC binder after recycling may be higher than
designed. This may produce a stiffer mixture than planned, leading to poten-

tially crack-susceptinle recycled pavements.

4. Needed is a method to estimate the actual quantity of RAP tinder wnich
combines with recycling agents. This estimate could then be applied to mix-
ture designs so that mixtures with appropriate binder viscosity are produced
in the field,
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APPENDIX A
TENTATIVE MODIFIER SELECTION CRITERIA

A. BACKGROUND

The initial effort from FY 82 through FY 84 involving the development of

a tentative recycling agent selection criteria were summarized in Reference
Al in Table 34, The parameters defined in Reference Al were proposed modi-
fier or recycling agent properties which are to be used to select a modifier
for hot recycling applications. The selected properties were based on:

» Viscosity at 140 °F (60 °C) and 212 °F (100 °C)
»  Flashpoint COC, °F
+ Weight loss (RTFO/TF0), percent
+ Chemical composition properties
« Compatibility ratio (Polars/Saturates)

» Percent saturates plus asphaltenes

Successive efforts in FY85 involved the study of more field-aged RAP
materials from a variety of climates. The binders recovered from the RAP
materials were each blended with a maximum of nine modifiers, Each of the
nine blends was made to satisfy the same consistency level, in particular,
viscosity at 140 °F, Then, each bSlend was tested for physical and chemical
properties, The physical properties consisted of viscosity, penetration,
and ductility at various conditions of treatment and temperature, The
chemical properties were determined using the modified Clay-Gel and Heithaus

test procedures, These test methods are listed in Appendix B and
Appendix C.

The results from the extended study were used to propose modifications
to the tentative recycling agent or modifier selection criteria to be dis-

cussed in this Appendix, In addition, an interlaboratory evaluation program
was designed to establish variability limits for the parameters contained in
the propnsed modifier selection criteria,
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B.  VARIABILITY LIMITS DEVELOPMENT
1. Interlaboratory Study

Four laboratories were involved i e interlaboratory study in

which various asphalts were tested., The data generated by each laboratory
were used individually to develop an intralaboratory variability statement.

All the data were then assembled and analyzed to develop an interlaboratory
variability statement. Two documents were used in the analysis of data and
in preparation of the variability statements, These were ASTM C 3802-80
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Standard Practice For Conducting an Interlaboratory Test Program to Deter-

mine the Precision of Test Methods for Construction Materials, and C 670-34
Standard Practice for Preparing Precision Statements for Test Methods for

Construction Materials.

Fifteen bituminous samples were tested by each laboratory, using
the modified Clay-Gel and Heithaus test procedures. The materials consisted

of three samples of each of the following:

» Blend prepared by NMERI

+ Aged binder extracted by each participating laboratory from the
same RAP

+ A NMERI-provided modifier

+ A blend prepared by each participating laboratory using tne

same materials, proportions, and conditions

tnvnlved tast samplas prapared «1%hin the pDarticipa®ing lannritory,

»
* An extracted aged bdinder by NMER[ from similar RAF as in the 3

second item, q

A1 15 samples were labeled as: Al, A2, A3, 31, B2, B3, C, D, E, .

F, G, H, I, J, and K., However, all A materials were the same, all B :
materials were identical, 0, £ and F_ G, and 4, as well as [, .J, and K %
were replicates, The sampl2 labeling was 1ntended *9y produc= triplicata i
tests withnut the knowledge nf the testing personnel, The anly axception ;

'I. Cae v e




- R w w .-

v TEey TR W . SR

N

Sa al, “ad WUV DRV A0 Sl n oy bl Loalebali oA AR AR A A a0 &g 0 N T v W T T T v T e e e ]

Attachment 1 at the end of this Appendix lists data compiled,
analyses, and variability statements developed for the modified Clay-Gel and
Heithaus test procedures.

2. Variability Data Discussion

The variability data from the analyses of test results are listed
in Tables Al and A2, Table Al Tists the standard deviations (1S) for within
and between laboratory for each of the five materials and for each composi-
tion fraction. Included in Table Al, for comparison purposes, are the
precision limits calculated by using the guidelines given in ASTM D 2007 for
materials whose polar compound percentages exceed 20, All the materials
tested in this study contained polar compounds in excess of 35 percent,

Discussion in successive paragraphs refers to data in Table Al.

When discussion switches to data in Table A2, it is made clear.

The within laboratory standard deviations (1S) for materials A and
B were smaller across the board than the same values for materials C, D, and
E. Materials A and B were recovered RAP binder and a blend prepared by each
laboratory. The fact that the respective standard deviations are small
suggests that the recovery and blend preparation procedures within each
laboratory were equally controlled. The same observation is made with
respect to the between laboratory 1S values for materials A and B.

For material C, which is a NMER[-recovered binder, the IS values
for both within and between laboratory for all fractions except the aro-
matics are nearly equal. There is no obvious explanation for the deviation
in aromatic 1S values; however, the latter are still within the range of
calculated values from the ASTM D 2007 procedure.

Material D, a NMER[-supplied modifier, and material E, a NMERI-

prepared blend, display stightly larger 1S values than other materials, No
obviaus explanation for this resuylt is Sseen at this time; however, the com-

parison with the calculated values from ASTM D 2007 is still favorable.
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TABLE Al. SUMMARY OF STANDARD DEVIATIONS FOR COMPOSITION DATA

MATERIAL INDEX COMPOSITION FRACTIONS ASTM D 2007-80
ASP SAT ARO  POL ASP  SAT ARO POL
A WITHIN 0.51 0.50 0.51 0.77 ---- 0.80 3.10 4.30
BETWEEN 1.00 1.37 2.22 1.37 ---- 1.10 6.50 6.76
B WITHIN 0.69 0.91 1.44 0.84 ---- 0.80 3.10 4.3
BETWEEN 0.98 1.62 2.80 1.78 <--- 1.10 6.50 6.77
o WITHIN 1.57 1.52 2.74 2.00 ---- 0.80 3.10 4.31
BETWEEN 1.58 1.56 4.41 2.63 ---- 1.10 6.50 6.77
D WITHIN 2.04 0.66 1.66 1.89 ---- 0.80 3.10 4.21
BETWEEN  2.22 1.22 5.30 3.18 ---- 1.10 6.50 6.67
£ WITHIN  1.85 1.39 2.15 0.94 So-- 0 0.30 3.10 4.30 g
BETWEEN  1.97  1.69 4.17 2.75 ---- 110 6.50 6.7¢ lg
N
o
N
..
A = Proposor/contractor recovered RAP binder ASP = ASPHALTENES 7“
B = Proposer/contractor prepared blend SAT = SATURATES
C = NMERI recovered RAP binder ARO = AROMATICS n
D - NMERI modifier (NMERI supplied) POL = POLARS :
E = NMERI prepared blend STANDARD DEVIATIONS IN 7 bR
"
K|
;
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<
”,
'A
e

T A e S O
tfn.fn.f:"q_{u':u: L ORI PG AP N



TABLE AZ. SUMMARY OF STANDARD DEVIATIONS (1S) FOR SOLUBILITY DATA

MATERIAL  INDEX SOLUBILITY PARAMETERS
P P P X . T Cot #
a o min o
A WITHIN 0.02 0.16 0.06 0.16  0.13 0.14
BETWEEN 0.06 0.32 0.12 0.32  0.39 0.28
B WITHIN 0.02 0.16 0.09 0.16  0.28 0.09
BETWEEN 0.05 0.32 0.14 0.32  0.74 0.16
c WITHIN 0.03 0.21 0.06 0.21  0.29 0.12
BETWEEN 0.05 0.28 0.06 0.28  0.38 0.23
D WITHIN 0.0l 0.19 0.07 0.19  0.34 0.08
BETWEEN 0.02 0.17 0.07 0.17  0.37 0.13
E WITHIN 0.05  0.21 0.10 0.21  0.20 0.23
BETWEEN 0.05  0.30 0.08 0.30  0.39 0.29
P_ = ASPHALTENE PEPTIZABILITY P - STATE GF PEPTIZATION
P_ = MALTENE PEPTITIZING POWER X . = LIMITING DILUTION RATIO
T_ = LIMITING TITRANT VOLUME Cot/¢ - WAXMAN'S COTANGENT ANGLE
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The calculated limits, based on the guidelines in ASTM D 2007, are

listed in Table Al on the right., The calculated values are for saturates,
aromatics, and polars fractions only, The limits on asphaltenes are not
included because the original materials tested and from which guidelines
were developed, contained less than 1 percent asphaltenes by weight. The
differences between the calculated values and the variability limits may de

due to the following:

* The aromatic fraction in D 2007 is obtained by numerical dif-
ference between a theoretical 100 percent recovery and the sum

of saturates, polars, and asphaltenes. In the modified Clay-
Gel procedure, the aromatic fraction is determined

anaiytically.

* In ASTM D 2007 the polar fraction is eluted with a solvent
mixture of benzene/acetone. In the modified Clay-Gel proce-
dure the polar fraction is eluted with toluene/acetone and a
final rinse with methylene chloride.

* In ASTM D 2007 the quantity of n-pentane used to separate the
maltenes from the asphaltenes is less than 200 mL, In the
modified Clay-Gel procedure the amount of n-pentane used at
this step exceeds 1000 mL,

Although the solvent type may not play a significant role in the
development of variability and/or precision statements, this factor should
be kept in mind wnen making comparisons. The solvent effect was not part of
this study.

Table A2 lists standard deviations /1S) for the solubility para-
meters determined in this study by the modified Heithaus method., ihe within
laboratory 1S values for Pa for all materials tested ranged from 0.01 to
0.05 whereas for between laboratory the range is 13,02 to 0,06, The corre-
sponding coefficients of variation are 1,5 to 7.5 percent for within and 2.5
to 11.0 percent for between laboratory, These results sugygest tnat Pa, tne

ability of asphaltenes tn be peptized, can be determined with confidencs,
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The within laboratory 1S values for P range from 0.16 to 2.21
whereas for between laboratory the values are 0.17 to 0.32. The coeffi-
cients of variation ranged from 6.0 to 8.0 percent for within and 5.4 to
12.1 percent for between laboratory. P has been used in the literature to
relate solubility to pavement performance; thus, the low 1S values obtained
in this study suggest that this parameter could be determined with

confidence,

The 1S values for P are also small. There is not a great differ-
ence between the within and the between Jaboratory values, which suggests

that the method can he used by different testing organizations and compari-
sons made,

The 1S values for TO and xmin should be very close to one another
because the two parameters represent the same threshold amount of nonpolar
solvent required to destablize the asphalt system and induce flocculation,
However, this was not the case in this study. It is not clear why the dis-

parity appears.

The last parameter is cot P, which is an indicator of dispers-
ibility. This parameter can range in value from zero to very large numbers,
The larger the value of cot @, the higher the dispersive character of the
material, and hence, the more desirable. The 1S values shown in Table A2
are reasonably small for a potentially large parameter. Thus, the cot
parimeter can also he determined with confidence,

Considering that there are no puhlished variahility limi*s for tne
solubility parameters determined by the modified Heithaus method, the values
obtained 1n tnis effort are proposed to be first-order approxima%tions, They
may be used for acceptance of test results when using the tentative recy-
cling agent selectinn specification until precision limits are established,
Determining precision limits will require a thorough round rohin test prn-
gram as defined 1n ASTM D 1749,
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In summary, Table A3 lists variability limits for Clay-Gel and
Heithaus parameters extracted from Tables Al and A2. The values in Table A3
are suggested limits which can be used for acceptance of test results
generated by using either of the referenced test methods.

C. MODIFICATION OF THE TENTATIVE SPECIFICATION
1. Background

The Tentative Specification was first proposed and presented in
ESL-TR-84-47 (Reference Al). This specification consisted of physical and
chemical properties which were identified to be characteristic of a suitable
modifier for hot recycling applications, The specification has the following
attributes:

a. It is generic in that it is developed using test results on a
broad range of modifiers compared to developing a specification on the basis

of regional products. The products of reference in this study and this
specification are petroleun-based.

b. The specification takes into account the physical and chemical

properties of the modifiers,

c. This specification attempts to account for the respective sen-
sitivity of =2ach aged asphalt tn the action of a modifier by proposing that
the r~equiren palar/saturate ratio of a modifier should he greater than or
2qual to twice the asphaltene fraction of the recovered RAP binder. Along
with this compatibility constraint is the requirement that a modifier should
ngt contain asphaltenes plus saturates (A+S) in a percent exceeding 30. It
was observed that some aged asphalt systems were very sensitive to the
action of modifiers with a saturate content exceeding 30 percent. The sensi-
tivity referred to in this discussion was measured Yy a viscosity aging

1ndex which is defined as:

viscosity of aged residue (RTFO)

/1scnsity aging index = ! ,
y aging viscosity of unaged residue
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TABLE A3. SUGGESTED VARIABILITY LIMITS FOR CLAY-GEL/HEITHAUS PARAMETERS

™
L"n ITEM INDEX STANDARD DEVIATION COEFFICIENT OF VARIATION
E 1S D2S 1S §D2S
< COMPOSITION
o ASP single operator 0.98 2.77 3.9 10.9
tﬂ multiple operator 1.61 4.56 6.1 17.3
C
&
Ca SAT single operator 0.71 2.01 4.2 12.0
- multiple operator 1.56 4.34 8.7 24.6

V‘
A ARO single operator 1.16 3.28 6.2 17.4
o multiple operator 3.77 10.66 21.8 61.8
’
’ POL single operator 0.93 2.62 2.5 7.1
multiple operator 2.30 6.51 6.2 17.4
k' ASP+SAT single operator 1.69 4.78 8.1 22.9
[ multiple operator 3.17 8.90 14.8 41.9
ke
" SOLUBILITY
P single operator 0.03 0.08 3.1 8.7
P * multiple operator 0.05 0.13 7.9 22.3
a%
:: P single operator 0.16 0.45 6.1 17.2
P multiple operator 0.25 0.79 10.1 28.6
P single operator 0.07 0.19 6.2 17.6
v multiple operator 0.09 0.26 8.7 245
L single operator 0.17 0.48 9.0 25.4
M0 multiple operator 0.28 0.79 15.8 AR
T single operator 0.21 0.59 13.7 38.8
: ° multiple operator 0.45 1.29 25.6 72.4
ﬂ: ot % single operator 0.10 V.28 7.3 20.6
" multiple operator 0.21 0.60 13.7 38.8
v,
: Note: aAbbreviated symbols have previously been defined.
l
4l
A
o,
Ld
L4
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The viscosities used in the index defined above are determined at 140 °F.
Blends of RAP recovered binders and modifiers whose viscosity aging indexes

exceeded 3.0 were considered to be sensitive,

d. This specification considers internal phase stability of
binders and proposes applications of internal phase or solubility proper-
ties. The internal phase stability properties of an asphalt or modifier are
measured by the Heithaus test method. The significant parameter identified
and cited in the technical literature to relate to pavement performance is
the state of peptization (P). The first phase of this specification did not
contain numerical values of P; however, recent work has provided these.
These numerical values are discussed subsequently.

2. Modifications

a. Provisions for use of more viscous products other than modi-
fiers/recycling agents as far as the chemical portion of the specification
was concerned have been added. Efforts involving soft asphalts and more
viscous bituminous products in recycling studies have been conducted in the
NMERI Ttaboratory., The composition test results for the various modifying
products used in the laboratory study are listed in Table A4, These results
indicate that more viscous products with percent (A+S) less than or equal to
38.5¢/-1.6, at the 95 percent confidence level, would be recommended for hot
recycling applications. Thus, a maximum value of this varible was set at
40 percent, Determination of variability of the (A+S) variable was expected

from the interlaboratory study.

b. Numerical values of compatibility were defined, The variables
are the state of peptization (P) and the limiting Dilution Ratin (Xmin)‘
The state-of-peptization value of interest pertains to asphaltene containing
modifiers because it can only be determined for bituminous products which
flocculate when tested by the Heithaus test method. A relationship was
attempted to relate P and the percent (A+S) as shown in Figure Al., This
relationship suggested that at a value of percent (A+S) of 40, a correspond-
ing value of P was 3.00. All the modifying products above this !ine had heen

- e e T I U T T T S Y ] P R R R SN RN A e e, .t -
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1)
)
S TABLE A4. THE - ASPHALTENES + SATURATES - CRITERIA
p
L)
| 30 % LIMIT 40 % LIMIT
MODIFYING
D MODIFIER
' VISCOSITY PRODUCT VISCOSITY
: % (A +S) P/S % (A +S) P/S
: a140% , p e 1400F, p
MBD-3 25.7¢ | sa0.0 [3.12]] MBD-2 41.13 490.0 1.72
MBD- 3B 22.21 58.0 |2.18|] MBD-28 | 39.53 324.0 1.98
MBD-5 23.66 2.8 [1.18] MBD-20 | 40.93 285.0 1.73
MBD-68 30.08 90.0 {2.00 || MBD-6A | 39.01 200.0 2.23
MBD-7A 22.17 1.0 0.70]| ™MBD-A 40.43 581.0 2.06
MBD-7C 25.41 1.1 10.71|| mMBO-B 36.53 276.0 1.74
d M3D-8A 15.08 1.8 |1.24|] MBD-C 32.67 65.0 1.34
MBD-8C 16.05 1.0 |1.18]|| ™BD-D 38.65 676.0 2.27 |
MED-9 6.56 2.3 |a.51 1 MeD-E 38.28 1957.0 2.21
- vg0-10 | 22.86 | 519 3.2 1 MBD-F 38.63 159.0 2.09
¢ 1 , |
- | | MBD-G 38.08 197.0 1.91 |
< % (A +S) - % (ASPHALTENES + SATURATES) BASED ON MODIFIED ASTM D 2007
N P/S - POLARS / SATURATES BASED ON MODIFIED ASTM D 2007
)
y 30% LIMIT 40% LIMIT
n =9 n=11
Roce = 23.14 = 3.23 ( excluded) 2., = 38.53 + 1.59
9% (26.4 max) 95%
.E n =10 40 % max was proposed
ngw =21.48 + 4.70 { included)
° (26.2 max)
83
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Modifier State of Peptization

LEGEND |

24+ Symbol Polars/Saturates E%MBD-ZB T
O  High

Ir 0O Medium -

P -

- X

0t~ !

d 4
20 25 30 35 40 45
Modifier, percent A + S

Figure Al. Modifier State of Peptization versus Percent
Asphaltenes + Saturates.
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found to be acceptable for reconstituting aged binders, Further evidence
about the value of P of 3.00 was presented in Reference Al in a relationship
developed to show the observed variation of viscosity aging index of a blend
and the state of peptization of a modifier, Reference Al, showed

that blend aging index of less than 3.00 was obtained with modifiers whose P
value was greater than or equal to 3.00. Published results (Reference A2)
were obtained recently and analyzed by NMERI in the form of viscosity aging
index versus P, The P in the referenced report was determined using toluene
and n-heptane. The analysis indicated that binders with viscosity aging
indexes lower than 3.00 had P-values greater than or equal to 3. This study
was concerned with classifying tender and nontender mixes for which virgin

binders were used,

Most of the nontender mixes in the study under discussion were observed
to occur in mixtures whose binder aging indexes were lower than 3.00. This
observation suggests that binders with a P-value greater than or equal to
3.00 may produce nontender mixes. The variability limits about P determined
from an interlaboratory study are listed in Table A3,

Because recycling agents used in hot recycling operations contain
no asphaltenes, and hence a P-value cannot be established, there was a need
to include coverage of the use of such products in the proposed specifica-
tion. The results of the recycling agent selection study summarized in
Reference Al and subsequent efforts have overwhelmingly suggested that bene-
ficial aspects of a recycling agent can be specified., The specification is
that the Xmin value of a blend after RTFO conditioning should be greater
than the Xm.n value of the recovered RAP binder, An illustration of this
concept is presented in Figure A2. The larger the shift or difference
between these two xmin values the greater is the dispersive action of the
modifier to the particular aged binder, However, should the reverse situa-
tion occur, the recycling agent/modifier is considered to be incompatible

with the aged binder and an alternate modifier should be sought.
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MATERIAL PROPERTIES
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Material Viscosity 02007/ Description
140°F, Poises Heithaus Tests
Control
Asphalt 184,749 %Asphaltenes = 33.58 Binder extracted from com-
Heithaus, bined Runway/Taxiway RAP
P =2.61 from Hurlburt Field
Modifier 519 Polar/Saturate = 3.24
Heithaus AR - 1000
P=6.03
: Blend 2025 (unaged) %Asphaltenes = 21.00 Blend target viscosity
MBD-108 3803 {(RTFO) Heithaus P = 3.70 at 140°F, = 2000+400
(RTFO Condition) Poises
T T T T i
o
—_
< -
o
=
(=]
% LEGEND
3 O- HURLBURT RAP
§ binder (control)
L - HURLBURT hot

recycled blend -
(after RTFO)

0 - 4 8 12

DILUTION RATIO

16 20 24

Figure A2. [llustrative Example of Expected Attributes of a Modifier.
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3. Tentative Specification

Table A5 lists the complete tentative criteria for modifier selec-
tion. The final blend made in accordance with the requirements in Table A5
MUST satisfy pertinent standard or local specifications for binders.

REFERENCES

Al, Kiggundu, B. M., Nusser-Humprey, B., and Zallen, D. M., Recycling
Agent Selection and Tentative Specification, ESL-TR-84-47,
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Washington, DC, December, 1980,
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TABLE AG.  REQUIREMENTS OR RECYCLING WENTS MODTFIERS £NR
HOT CENTRAL PLANT RECYCLING OF ASPHALT PAVEMENTA

TEST PROPERTY CALLE tnTnnEhen.

I. PHYSICAL
. . b} SN . _ -
1. "iscasity, 60 O ‘110 °p , Parises L0 “adin AR A
. . Yo ) - S -
2. Viscosity, 100 "7 212 UFY, 8t 15.00 ‘min Do
. O, ) .
3. C0C Flash Paint, 7 202 min n a2
. . (5] . T 1o
4 Weight Loss /RTFOY at 325 'F ‘ 1.00 max nooeTe
for 85 minutes, %
IT. CHEMICAL
A, Compasition Analysis noonng
modi £ e
1. percent saturates - asphaltenes 30 mar.
‘rectroling agents?
2. wreent saturates - asphaltenes 10 max
3 p
waft or b asphalt soades
3. Polar ‘Saturate Ratio 0.50 ‘minn o onreogr o

5!
than or =qual * . "W
the asphaltene froge- o
af the AP Linder.

1

B, COMPATIRILITY /SOLUBILITY’
ToooneeliE ST e wt b L E sent ization Meegder Yo w )
™ o.nn
2. state of peptization PY for :m;ﬁhj“nd T
HiLil -
hlends made with recveling shoul-l e arent-r
apents after ?TTC conditioning than N, f ettt el
min
AP binnde: e

Flgu['e A2,

Note 1. The reference solvent system for the compatibility limit's
. consists of toluene ‘polar® and n-dodecane non-polar:. The uase of
other solvents may lead to other limits.

BEST
AVAILABLE COPY
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APPENDIX A
ATTACHMENT 1

DATA COMPILATION, ANALYSES, AND VARIABILITY STATEMENTS
DEVELOPED FOR MODIFIED GLAY-GEL AND HEITHAUS TEST PROCEDURES
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VARIABILITY STATEMENT FOR CLAY- GEL COMPOSITIONAL ANALVSIS
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The single-oper

3.85% for
4.23% for
6.15% for
2.51% for

ator coefficient of variation has been found to be:
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saturates
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STANDARD DEVIATIONS--1S, D2S,--FOR INTRA AND INTER LABS----CLAY-GEL
1s D2S 1S D2S
INTRA INTER
ASPHALTENES PS 1.12 3.17
CTL 0.30 0.85 1.61 4.56
WES 2.13 6.03
NME 0.36 1.02
AVERAGE 0.98 2.77
SATURATES PS 0.62 1.75
CTL 0.16 0.45 1.53 4.34
WES 1.80 5.09
NME 0.27 0.76
AVERAGE 0.71 2.01
AROMATICS PS 1.36 3.85
CTL 0.32 0.91 3.77 10.66
WES 2.57 7.27
NME 0.37 1.05
AVERAGE 1.16 3.27
POLARS PS 1.05 2.97
CTL 0.43 1.22 2.30 6.51
WES 1.79 5.07
NME 0.43 1.22
| r
| '
AVERAGE 0.93 2.63 r
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COEFFICIENTS OF VARIATIONS--1Ss%,

1S%
INTRA

ASPHALTENES PS 4.31

CTL 1.10

WES 8.74

NME 1.26

) AVERAGE 3.85

SATURATES PS 3.75

CTL 0.88

WES 10.80

NME 1.47

AVERAGE 4.23

AROMATICS PS 7.60

CTL 2.10

WES 12.00

NME 2.91
Cd

: AVERAGE 6.15

POLARS PS 2.72

CTL 1.16

WES 5.20

] NME 0.96
’v
’,

[; AVERAGE 2.51
'I
Cd
]

D2S%,--FOR INTRA AND INTER LABS---CLAY-GEL

D2S% 1S%

12.
3.
24.
3.

10.

10.
2.
30.
4,

11.
21.
5.
33.
8.

17.

19
11 6.11
73
57

90

61
49 8.69
56
16

97
51
94 21.83
96
24

40

.70
.28 6.15
.72
.72

.10
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PARTARTLITY STATEMENT FOR HRITUADS COMPATIBILITY TRST
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a
.28 for P

00 Soe D
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Therefore, results of two properly conducted tests from two 10 F8g ant
laboratories on samples of the same material should not Jdiffer by ma.--
A

tan:
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’: The single-operator coefficient of variation has been found to be:

-,

% 8.99% for Xmin

I 3.06% for Pa
6.08% for P

4 6.21% for Po
3.72% for To, and
7.29% for Cot ¢

Therefore, results for twu properly conducted tests by the same operator on
the same sample should not differ from each other by more than:

AR N_ALK,
-

25.44% for Xmin

2 8.66% for Pa

- 17.21% for P
> 17.57% for Po
Lat 38.83% for To, and

& 20.63% for Cot §
- of their average.

i

-

:- The multilaboratory coefficient of variation has been found to be:
.
- 15.83% for Xmin

s 7.87% for Pa

~ 10.10% for P
.- 8.65% for Po

:: 25.57% for To, and

g 13.69% for Cot

f Therefore, results of two different laboratories on samples of the same
Y material should not differ from each other by more than:
\A

- 44.81% for Xmin

N 22.27% for Pa

O 28.58% for P

~ 24.47% for Po

- 72.37% for To, and
o ~ 38.75% for Cot #
1 of their average.
\
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STANDARD DEVIATIONS--1S, D2S,-- FOR INTRA AND INTER LABS----HEITHAUS

Xmin

AVERAGE

Pa

AVERAGE

P

AVERAGE

Po

AVERAGE

To

AVERAGE

cot §#

AVERAGE

N

AR I A

PS

CTL
WES
NME

PS

CTL
WES
NME

PS

CTL
WES
NME

PS

CTL
WES
NME

PS

CTL
WES
NME

PS

CTL
WES
NME

RN

o [>NeoNeNe] (@] [eNeNoN] o OO OO o [eNeNoNe (@] [N eNeNe]

[ eNeNe

o7,

INTRA

.21
.14
.24
.07

.17

.05
.006
.05
.002

.03

.21
.10
.24
.08

.16

.06
.05
.12
.04

.07

.38
.12
.25
.07

21
.20
.04
.13
.02

.10

O OO O o oo OO o

ol eNoNe

L4

D2S

.59
.40
.68
.20

'y

.14
.017
.14
.006

.08

.59
.28
.68
.23

.45
.17
.14
.34
11
.19

.08
34

-

.20
.58
.57
.11
.37
.06

.28

STt L

1S

.28

.05

.28

.09

.45

.21

D2S

.79

.13

.79

.26

.60
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COEFFICIENTS OF VARIATION--1S%, D2S%,--INTRA AND INTER LAB---HEITHAUS

Xmin

AVERAGE

Pa

AVERAGE

P

AVERAGE

Po

AVERAGE

To

AVERAGE

coT ¢

AVERAGE

PS

CTL
WES
NME

PS

CTL
WES
NME

PS

CTL
WES
NME

PS

CT.
WES
NME

PS

CTL
WES
NME

PS

CTL
WES
NME

1S%

14
5.
11.
3.

w ON - ™

N O w

45
80
79
92

.99

.34
.03
.30
.55

.06

.54
.63
.54
.59

.08

.09
.91
.50
.34

.21

.36
.16
.93
43

.72
.35
.54
.91
.34

.29

D2S%

INTRA

40.
16.
33.
11.

O N W

24,
10.
27.
.33

17.
14.
13.
32.
.45

17.

97

8¢
41
37
09

yaa

.60
.91
.51
.56

.66

17
27
00

21
40

90
55

57

.24
.43
.93
71

.83
.27
.85
.56
.79

.63

1S% D2S%
INTER

15.83 44 .81

7.87 22.27

16.10 28.58

8.65 24.47

25.57 72.37

13.69 38.75
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TABLE 1 DATA SHEET FOR INTERIABORATORY TEST PROGRAM FOR ASTM METH0D
LABORATORY: PETROLEUM SCIENCES
MATERIAL
REPLICATE ASPHAITENES
A B C D E
a 29.1971 25.4251 30.4130 23.0664 27.2873 )
b 29.5740 27.4153 28.3983 21.4001 22.6478 Y
c 29.4544 29.3998 27.7074 21.3085 26.7020 !
"
TABLE 1 DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD E
LABORATORY: CHICAGO TESTING LABS )
MATERIAL
REPLICATE ASPHALTENES
A B C D E
a 29.8802 28.3068 29.9019 22.89145 27T 4005
b 31.2966 28.3192 30.2264 22.5520 27,7247
c 30.4907 28.1648 30.0932 22.0152 27.7826

TABLE 1 DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD
LABORATORY: WATERWAYS EXPERIMENT STATION

. s MW x v ¢ _s_v__ - alaben K A

MATERIAL
REPLICATE ASPHALTENES
A B c D z

a 30.5875 20 1315 31,2880 15.1699 26 720
b 31.3999 28 6394 25.8907 21,2706 DL 3990 .
c 31.8538 27.8589 29,6632 20,5057 20 9604y )
TABLE 1 DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHAD )
LARORATORY: NEW MEXICO ENGINEERING RESEARCH INSTITUTE :
MATERIAL y
REPLICATE ASPHALTENES .
A B C D E .
a 31.7150 29 3138 11,1235 23,2292 20 0150 !
b 31,4432 206942 30,8510 23 0534 08 ,aa- )
¢ 31.1140 29 1648 30 3730 22 KA Do a4 ;
.
8
[}
.
.
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TABLE 1 DATA SHEET FOR_INTERLABORATORY TEST PROGRAM FOR ASTM METHOD
LABORATORY: PETROLEUM SCIENCES

YN

MATERIAL
REPLICATE SATURATES

A B c D

16.8702 15.3385 18.5511 15.4453 16.
17.7073 15.9546 17.4571 15.7084 16.
16.6808 17.5692 18.2172 16.1380 16.

TABLE 1 DATA SHEET FOR_INTERLABORATORY TEST PROGRAM FOR ASTM
LABORATORY: CHICAGO TESTING LABS

MATERIAL
REPLICATE SATURATES
A B c D

19.4921 19.2645 18.8562 17.3327 19.
19.3235 19.5192 18.7439 17.7574 18.
19.4766 19.0687 18.9152 17.2546 18.

TABLE 1 DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD
LABORATORY: WATERWAYS EXPERIMENT STATION
MATERIAL
REPLICATE SATURATES
A B C D

-
..

16.2536 16.8236 17.3605 15.4922
16.2281 18.0027 13.7164 14.2387
17.6316 15.2583 19.6458 16.4274

Tatsls

Coali
L S I S

TABLE 1 DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD
LABORATORY: NEW MEXICO ENGINEERING RESEARCH INSTITUTE
MATERIAL
REPLICATE SATURATES
A B C D

L A

18.7810 18.3129 19.0236 17.4852
18.5590 18.6680 18.8315 17.4230
18.0228 18.6612 18.9842 18.4050
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DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR

ASTM METHOD

LABORATORY :

PETROLEUM SCIENCES

REPLICATE

o wm

MATERIAL
POLARS
B C E
39.3934 39.0859 . 7789
40.3288 39.4249 .8239
38.5763 38,2513 . 6268

DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM
LABORATORY: CHICAGO TESTING LABS
MATERIAL
REPLICATE POLARS
B C E

a 38.2910 38.5348 L3494
b 38.2714 39.2755 L4117
37.9572 38.8729 .6017

DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR

.r-.r‘.r.p.r.r

LABORATORY: WATERWAYS EXPERIMENT STATION
MATERIAL
REPLICATE POLARS
B C E
35.4893 36.7635 33. 10912
b 34.1934% 35.3381 35,1018
36.8623 31.9691 34,4767
DATA_SHEET FOR_INTERLABORATORY TEST PROGRAM FOR ASTM !
LABORATORY:; NEW MEXICO ENGINEERING RESEARCH INSTITUTE
MATERIAL
REPLICATE POLARS
B C E
a 38.4224 38.2776 L4896
b 38.5615 39.7036 Q.2704
37.9725 39,5627 1.1189
100
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by TABLE 1 DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOQD
N LABORATORY: PETROLEUM SCIENCES
3; MATERIAL
REPLICATE AROMATICS
. A B C D E
L
o a 14.0781 19.8431 17.3365 23.7266 16.9457
I b 14.6721 16.3014 14.7197 28.3720 19,1952
» c 15.7262 14.6190 15.8239 25.8485 16.7853
& TABLE 1 DATA SHEET FOR INTERIABORATORY TEST PROGRAM FOR ASTM METHOD
& LABORATORY: CHICAGO TESTING LABS
- MATERIAL
e REPLICATE AROMATICS
. A B C D E
g
- a 12.6353 14.1369 12.7071 24,8561 1456836
s b 12.7518 13.8902 11.7542 24,0291 14,9222
-, c 12.6592 14.8094 12.1187 24.3192 14.8560
'
TABLE 1 DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR _ASTM METHOD
s LABORATORY: WATERWAYS EXPERIMENT STATION
-, MATERIAL
e REPLICATE AROMATICS
- A B C D E
" a 16.2575 18.5556 14,5880 32,1431 21 4447
f b 16.0801 19.1643 25.0548 33.5331 26.0621
< c 15.2104 20.0205 18.7219 29.1438 18.0162
&'l
Y TABLE 1 DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD |
. LABORATORY: NEW MEXICO ENGINEERING RESEARCH INSTITUTE !
~ MATERIAL
= REPLICATE AROMATICS
- A B C D E
K" a 11.1546 13.9518 11,5754 19.1422 12.7386
D b 10.7992 13.0763 10.6139 19.1459 13.0555
» c 11.0098 14.2014 11.0801 19.1917 13.8266
b
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SUMMARY DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD

LABORATORY REPLICATE

MATERTAL-ASPHALTENES

A B C D E
a 29.1971 25.4251 30.4130 23.0664  27.2873
b 29.5740 27.4153 28.3983 21 .4001 22.6478
c 29.4544 29.3998 27.7074 21.3085 26.7020
a 29.8802 28.3068 29.9019 22.8916 27.9005
b 31.2966 28.3192 30.2264 22.5520 27.7247
c 30.4907 28.1648 30.0932 22.0152 27.783%6
a 30.5875 29.1315 31.2880 15.1699  26.0722
b 31.3999 28.6394 25.8907 21.2706 24.8990
c 31.8538 27.8589 29.6632 22.5257 29.9604
a 31.7150 29.3138 31.1235 23.3292 29.0152
b 31.4432 29.6942 30.8510 23.0536 28.4997
c 31.1140 29.1648 30.3730 22.6972 27.9496

SUMMARY DATA

SHEET FOR INTERIABORATORY TEST PROGRAM FOR ASTM_METHOD

LABORATORY REPLICATE

MATERIAL - SATURATES

A B c D E
a 16.8702 15.3385 18.5511 15.4453 16.9880
b 17.7073 15.9546 17.4571 15.7084 16.3332
c 16.6808 17.5692 18.2172 16.1380 16.8859
a 19.4921 19.2645 18.8562 17.3327 19.0666
b 19.3235 19.5192 18.7439 17.7574 18.9414
c 19.4766 19.0687 18.9152 17.2546 18, 7587
a 16.2536 16.8236 17.3605 15.4922 19.29149
b 16.2281 18.0027 13.7164 14.2387  13.9370
c 17.6316 15.2583 19.6458 16,4274 17 5466
a 18.7810 18.3129 19.0236 17.4852 18.7566
b 18.5590 18.6680 18.8315 17.4230 19.1744
c 19.0228 18.6621 18.9842 18.4050 19.3048
102
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TABLE 2 SUMMARY DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHQD
MATERTAL-POTARS

LABORATORY REPLICATE

A B C D E
1 a 39.8546 39.3934 39.0859 36.3421 38.7789
b 38.0467 40.3288 39.4249 34.5195 41.8239
c 38.1386 38.5763 38.2513 36.7050 39.6268
2 a 37.9934 38.2910 38.5348 34.9196 38.3494
b 36.6281 38.2714 39.2755 35.6616 38.4117
c 37.3735 37.9572 38.8729 36.4200 38.6017
3 a 36.9013 35.4893 36.7635 37.1902 33.1912
b 36.2913 34.1936 35.3381 30.9576 35.1018
c 35.3043 36.8623 31.9691 31.9031 34.4767
4 a 383494 38.4224 38.2776 40.0435 39.4896
b 39.1986 38.5615 39.7036 40.3774 39.2704
c 38.8534 37.9725 39.5627 39.7061 29.9189

TABLE 2 SUMMARY DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD
MATERIAL-AROMATICS

LABORATORY REPLICATE

A B c D E
1 a 14.0781 19.8431 17.3365 23.7266  16.9457
b 14.6721 16.3014 14.7197 28.3720_19.1952
c 15.7262 14,6190 15.8239 25.8485 16.7853
2 a 12.6353 14.1369 12.7071 24.8561 l4a.6826
b 12.7518 13.8902 11.7542 24.0291 14.9222
c 12.6592 14.8094 12.1187 24.3192 14.8560
3 a 16.2575 18.5556 14.5880 32,1431  21.4447
b 16.0801 19.1643 25.0548 33.5331 26.0621
c 15.2104 20.0205 18.7219 29.1438 18.0152
4 a 11.1546 13.9518 11.575¢4 19.1422 12.7386
b 10.7992 13.0763 10.6139 19.1459 13.0555
c 11.0098 14.2014 11.0801 19.1917 13 8246
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TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL A
WITHIN
AVERAGE LABORATORY
1 CF
LABORATORY ASPHALEENES X; JARI?NCL
a c s;
1 29.1971 29.5740 29 .4544 29.41 0.04
2 29.8802 31,2966 30.4907 30.56 0.50
3 30.5875 31.3999 31.8538 31.28 0.41
4 31.7150 31.4432 31.1140 31.42 0.09
TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL A
WITHIN
AVERAGE LABORATORY
LABORATORY SATHRATES Xy VARI%NCE
a c S.
1
1 16.8702 17.7073 16.6808 17.09 0.30
2 19.4921 19.3235 19. 4746 12.43 0,009
3 16.2536 16,2281 17.6316 15.70 0. A4
4 18.7810 18.5590 19.0228 18.79 0.05
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- TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL A

- WITHIN

> AVERAGE LABORATORY

> N

LABORATORY AROM.@TICS ‘{i VARI% CE

- a c S.

o i

F 1 14,0781 14,6721 15.7262 14.83 0.70

e

N 2 12.6353 12,7518 12.6592 12.68 0.004

Ju 3 16.2575 16,0801 15.2104 15.85 0.31

i 4 11.1546 10.7992 11.0098 10.99 0.03

Y

b

' TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERTAL A

» WITHIN

': AVERAGE LABORATORY
LABORATORY POL%RS xi VARI;}NCE

. a c S,

¢ i

: 1 39.8546 38.0467 38.1386 38.68 1.04

N

N 2 37.9934 366281 37.3735 37.33 0,47

L\

, 3 36.9013 36.2913 35.3043 36 .17 0.65

s 4 38.3494 39.1986 38.8534 38.80 0.18
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TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL B
WITHIN
AVERAGE LABORATORY
-
LABORATORY ASPHALEENES Xi VARI%ACE
a c st
1 25.4251 27.4153 29.3998 27 .42 1.41
2 28.3068 _ 28.3192 28.1648 28.26 0.007
3 29.1315 28.6394 27.8589 28.54 0.41
4 29.3138 29.6942 29.1648 29.39 0.07
TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL B
WITHIN
AVERAGE LABORATORY
LABORATORY SATgRARES Xi VARX%NCE
a c s
1 15.3385 15.9546 17.5692 16.29 1.33
2 19.2645 19.5192 19.0687 19.28 0.05
3 16.8236 18,0027 15.2583 16.69 1.90 7
Ry
4 18.3129 18.6680 18.6621 18.55 0.04 'q
t
o
[
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S TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL B
o WITHIN
o AVERAGE  LABORATORY
' %, ARIANCE
LABORATORY AROMATICS 5 ARISNC
a C S.
~. L
o 1 19,8431 16.3014 146815 16,94 5.07
2%
o 2 14.1369 13,8902 14,8094 14.28 0.23
- 3 18,5556 19.1643 20,0205 19,25 0.54
~: 4 13.9518 13.0763 14.2014 13 74 0.35
N
N
W
¥ }
N TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL B
- WITHIN
! AVERAGE  LABORATORTY
> y -
- LABORATORY PoLpes X VARI4NCE
a [ S.
- i
e 1 39.3934 40,3288 38.5763 39.43 0.77
o 2 38.2910 38.2714 37.9572 38.17 0,04
- 3 35,4893 34,1936 36.8623 35.52 1.78
o 4 38.4224 38.5615 37.9725 38.32 0.09
o
‘s |
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TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL C ’
WITHIN
AVERAGE  LABORATORY
4 { T
LABORATORY ASPHALTENES X, JARI4NCE
a [o] Si
1 30,4130 28 3983 27.7074 28 .84 1.97
2 29.9019 30.2264 30.0932 30.07 0.03
3 31,2880 25.8907 29 6632 28 .95 7.67
4 31.1235 30,8510 30,3730 30.78 0.14
TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL C
WITHIN
AVERAGE  LABORATORY
B ¢ , 7 e
LABORATORY SATERATES .\i '»ARI;}.\C&
a C Si
1 17.0439 17.4571 18.2172 17.57 0.35
2 18.8562 18,7439 18,9152 18.84 0.008 p
| 5
i 3 17.3605 13,7164 19,6458 16,91 894 fi
.:“
4 19.0236 18.8315 18,9842 18.95 0.01 =
Y
e
-
.
v
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TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL C

WITHIN
AVERAGE LABORATORY
1 T X, VARIANCE
LABORATORY AROMATICS Xy AR §CE
a ¢ s}
1 15.9280 14.7197 15.8240 15.49 0.45
2 12.7071 11.7542 12.1187 12.19 0.23
) 3 14,5880 25.0548 18.7219 19.45 27.79
4 11,5754 10.6139 11.0801 11 09 0.23
TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL C
WITHIN
AVERAGE LABORATORY
BO o
LABORATORY POL%RS Xi VARI%!\CE
a c s,
¢ 1
{ 1 39.0859 39.4249 38.2513 38.92 0.36
2 38.5348 39.2755 38.8729 35.89 0.14
3 36.7h35 35.3381 31.9691 34.69 h.06
4 38.2776 39.7036 39.5627 39.18 0.62
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TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL D
WITHIN
AVERAGE LABORATORY
. Y N
LABORATORY ASPHALgENES X ARI?\CE
C Si
1 23.0664 21.4001 21.3085 21.87 0.81
2 22.8916 22.5520 22.0152 22.49 0.20
3 15.1699 21.2706 22.5257 19.66 15.48
4 23.3292 23.0536 22.6972 23.03 0.10
TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL D
WITHIN
AVERAGE LABORATORY
LABORATORY SATgRATES ®y VARI%NCE
a [} S.
i
1 15.4453 15.7084 16.1380 15.73 0.16
2 17.3327 17.7574 17.2546 17.45 0.07
3 15.4922 14.2387 16.4274 15.39 1.21
4 17.4852 17.4230 18.4050 17.77 0.30
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TABLE 3 BETWEEN AND WITHIN ANALYSIS

FOR_MATERIAL D

AROMéTICS

WITHIN
LABORATCRY
VARIANCE

S

. 8485

i

Ju—y

.63

.3192

.1438

LABORATORY
a
1 26.5940
2 24.8561
3 32.1431
4 19.1422

.1917

0.0008

TABLE 3 BETWEEN

AND WITHIN Avals

(SIS FaR M

WITHIN
LABORATORY
TARTANCE

.7050

s

LABORATORY
a
1 36.3421
2 34,9196

200
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TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL E

WITHIN
AVERAGE LABORATCRY
\Vs . 7 \\‘
LABORATORY ASPHALgENES Xy .ARI?-LE
a c Si
1 27.2873 22.6478 26.7020 25.395 6.38
2 27.9005 27.7247 27.7836 27.80 0.008
3 26.0722 24.8990 29.9604 26.98 7.02
4 29.0152 28.4997 27.9496 28.49 0.28
TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERTIAL E
WITHIN
AVERAGE LABORATOR™Y
LABO ¥ - VARIANCE
BORATORY SATERATES Xy ARI?.J“
a ¢ S.
1 16.9880 16,3332 16.8859 16 .74 0.12
2 19 0665 18.9414 18. 7587 18 .92 n.n2
3 19,2919 13,9370 17,3466 16.923 S 4h
> 18.7566 19.1744 19,3048 19.08 0,08
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TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL ®

WITHIN
AVERAGE LABORATORY
LABORATORY AROMéTICS X VARI%NCE
a c sy
1 16.9457 19.1952 16.7853 17.64 1.82
2 14.6836 14,9222 14.8560 14.82 0.02
3 21.4447 26.0621 18.0162 21.84 16.30
4 12.7386 13.0555 13.8266 13.21 0.31
TABLE 3 PBFETWEEN AND WITHIN ANALYSIS FOR MATERIAL E
WITHIN
AVERAGE LABORATORY
7 h
LABORATORY POLQRS X; \ARI?NCE
a c EH
1 38.7789 41.8239 39.6268 40.08 2.47
2 38.3494 38.4117 38.6017 38.45 0.02
3 33.1912 35.1018 34.4767 34.26 0.95
4 39.4896 39.2704 39.9189 39.56 0.11
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TABLE 4 AVERAGES., COMPONENTS OF VARIANCE, AND VARIANCES FOR ALL MATERIALS

T W W .~

COMPONENTS OF VARIANCE YARIANCE
MATERIAL AVERAGE WITHIN BETWEEN WITHIN BETWEEN
ASPHALTENES LABORATORY LABORATORY LABORATORY LARORATORY
4
D 21.71 4.01 0.85 4.01 4. 86
E 27.21 3.42 0.46 3.42 3.88
y
B 28.41 1.17 0.24 1.17 1.41
b Cc 29.46 1.99 0.82 1.99 2. 81
]
>
A 30,67 0.26 0.76 0.26 1.02
TABLE 4 AVERAGES, COMPONENTS OF VARIANCE., AND VARTANCES FOR ALL MATERIALS
COMPONENTS OF VARIANCE VARTIANCE
MATERIAL AVERAGE WITHIN BETWEEN WITHIN BETWEEN
SATURATES LABORATORY TABORATORY LABORATORY LABORATORY
D 16.55 0.50 1.37 0.50 1.87
B 17.67 0.73 1.95 0,73 2.68
E 17.92 1.92 0.93 1.92 2.85
A 18.00 Q.25 1.65 0.25 1.90
C 18.07 2.33 0.21 2.33 2.54
-“
“d
-'d
[
he
R
A
o
‘1
.
e
_J
~J
>
.
114 ~.
.
:
\'.
k':{t-l.".~'.’.-'-‘,-1'1‘1:'-l','-l;'-5" A Tt e L A e e i i e T i N TN




TABLE 4 AVERAGES, COMPONENTS OF VARIANCE, AND VARIANCES FOR ALL MATERIALS

COMPONENTS OF VARIANCE

VARIANCE

MATERIAL AVERAGE WITHIN BETWEEN
AROMATICS LABORATORY ILABORATORY

WITHIN

BETWEEN
LABORATORY IABORATORY

A 13.59 0.26 4.66
C 14.56 7.18 11.75
B 16.05 2.02 5.83
E 16.88 4.61 12.76
D 25.33 1.72 26.36

TABLE 4 AVERAGES, COMPONENTS OF VARIANCE, AND VARTANCES FOR ALL MATERIALS

Q.26 4.92
7.18 18.93
2.02 7.85
4.62 17.37
1.72 28.08

COMPONENTS QF VARIANCE VARTANCE
MATERIAL AVERAGE WITHIN BETWEEN WITHIN BETWEEN
POLARS LABORATORY TLABORATORY LABORATORY LABORATORY
D 36.23 3.33 6.64 3.33 9.97
A 37.75 0.59 1.35 0.59 1.94
B 37.86 0.67 2.53 0.67 3.20
C 37.92 1.80 4.05 1.80 5.85
E 38.09 0.89 6.68 0.89 7.57
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TABLE 5 AVERAGES, STANDARD DEVIATIONS, AND COEFFICIENTS OF VARIATION

. FOR ALL MATERIALS
. STANDARD DEVIATIONS COEFFICIENTS OF VARIATION
| MATERIAL AVERAGE  WITHIN  BETWEEN WITHIN  BETWEEN
ASPHALT . LABORATORY LABORATORY LABORATORY LABORATORY
: D 21.76 2.04 2.22 9.38 10,20
E 27.21 1.85 1.97 6.80 7.24

B 28.40 0.69 0.98 2.43 3.45 !

C 29.66 1.57 1.58 5.29 5.33

30.67 0.51 1.00 1.66 3.26

T TR K R L S, T -
e

TABLE 5 AVERAGES, STANDARD DEVIATIONS, AND COEFFICIENTS OF VARIATION

FOR ALL MATERIALS
STANDARD DEVIATIONS COEFFICIENTS OF VARIATION
MATERIAL AVERAGE  WITHIN  BETWEEN WITHIN  BETWEEN
SATURATE LABORATORY LABORATORY LABORATORY LABQRATORY
D 16.59 0.66 1.22 3.98 7.35
{ B 17.70 0.91 1.62 5.14 9.15 i
E 17.92 1.39 1.69 7.76 9.43 ;
A 18.00 0.50 1.37 2.78 7.61 !
c 18.20 1.52 1.56 8.35 8.57 -
(
<
.
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L
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¢
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TABLE 5 AVERAGES, STANDARD DEVIATIONS, AND COEFFICIENTS OF VARIATION
FOR ALL MATERTALS

T = Th SR IR I BT T

STANDARD DEVIATIONS COEFFICIENTS OF VARIATION
MATERIAL AVERAGE WITHIN  BETWEEN WITHIN BETWEEN
AROMATIC LARORATORY LABORATORY LABORATORY LABORATORY .
L)
Byt
A 13.59 0.51 2.22 3.75 16.34 -
o
c 14.67 2.74 4.41 18.68 30.06 >
B 16.05 1.44 2.80 8.97 17.45 2
E 16.88 2.15 4.17 12.74 24 .70 s
D 25.28 1.66 5.30 6.57 20.97 p
‘i;
-\
TABLE 5 AVERAGES, STANDARD DEVIATIONS, AND COEFFICIENTS OF VARIATION
FOR ALL MATERIALS d
STANDARD DEVIATIONS COEFFICIENTS OF VARIATION :
MATERIAL AVERAGE WITHIN BETWEEN WITHIN BETWEEN ~
POLARS LABORATORY LABORATORY LABORATORY LABORATORY -
D 36.33 1.89 3.18 5.20 8.75 .
o 37.47 2.00 2.63 5.34 7.02 -
A 37.75 0.77 1.39 2.04 3.68 :1
B 37.85 0,84 1.78 2.22 4.70 B
E 38.09 0.94 2.75 2.47 7.22
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TABLE 1

DATA SHEET FOR INTERLABORATORY TEST PROGRAM

FOR ASTM METHOD

LABORATORY: PETEOLEUM SCIENCES

MATERIAL
REPLICATE X min
A B C D E
a 1.18 1.46 1.80 2.23 1.13
b 1.24 1.56 1.18 2.13 1.76
c 1.54 1.35 1.15 2.21 1.58

TABLE 1 DATA SHEET FOR INTERLABORATORY TEST PROGRAM

FOR ASTM METHOD

LABORATORY: CHICAGO TESTING LABS

MATERIAL
REPLICATE X _min
A B C D E
a 1.46 1.54 1.74 2. 92 1.71
b 1.46 1.35 1.75 2.02 1.80
c 1.58 1.53 1.49 2.15 1.83
TABLE 1 DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD
LABORATORY : WATERWAYS EXPERIMENT STATION
MATERIAL
REPLICATE X min
A B C D E
a 1.99 2.36 1.76 264 1.93 B
b 1.61 1.82 1.96 1.a2 > 053 -
c 2.05 1.92 1.80 2,35 > 16 -
TABLE 1 DATA SHEET FOR_INTERLABORATORY TEST PROGRAM FOR ASTM METHOD s
LABORATORY : NEW MEXICO_ENGINEERING RESEARCH INSTITUTE -
MATERIAL N
REPLICATE X min N
A B c D E N
LY
a 1.91 1.91 1.93 217 1.8 4
b 1.89 1.92 1.87 2.29 1.96 2
c 1.99 1.89 1.68 2,20 1,90 g
-
)
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TABLE 1 DATA SHEET FOR INTERIABORATOR™ TEST PROGRAM

FOR _ASTM METHCD

LABORATORY: PETROLEUM SCIENCES

MATERIAL
REPLICATE Pa
A B C D E
a 0.45 0.50 0.60 0.68 0.46
b 0.49 0.56 0.53 0.69 0.61
c 0.53 0.53 0.49 0.66 0.61

TABLE 1 DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD

LABORATORY: CHICAGO TESTING LABS

MATERIAL
REPLICATE Pa
A B C D E
a 0.62 0.62 0.59 0.68 0.62
b 0.62 0.63 0.60 0.68 0.62
c 0.61 0.63 0.61 0.67 0.61

TABLE 1 DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD

LABORATORY: WATERWAYS EXPERIMENT STATION

MATERIAL
REPLICATE Pa
A B C D E
a 0.63 0.63 0.64 0,71 9.69
b 0.63 0.67 0.64 0.72 0.h3
c 0.61 0.66 0.64 0.69 0.64

TABLE 1 DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD

LABORATORY: NEW MEXICO ENGINEERING RESEARCH INSTITUTE

+ 4 4

MATERIAL
REPLICATE Pa
A B C D E
a 0.59 0.61 0.60 0.68 0.61
b 0.60 0.60 0.60 N.68 Q.61
c 0.59 0.60 0.61 0.68 n.Al
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TABLE 1 DATA SHEET FOR INTERIABORATORY TEST PROGRAM FOR ASTM METHOD

W W W W WL YA A Y Ve T T LT TR 'g

LABORATORY: PETROLEUM SCIENCES

MATERIAL
REPLICATE P
A B C D E
a 2.18 2.46 2.80 3.23 2.13
b 2.24 2.56 2.18 3.13 2.76
c 2.54 2.35 2.15 3.21 2.58

TABLE 1 DATA SHEET FOR

INTERTLABORATORY TEST PROGRAM FOR ASTM METHOD

LABORATORY: CHICAGO TESTING LABS

MATERIAL
REPLICATE P
A B C D E
a 2.46 2.54 2.74 3.22 2.71
b 2.46 2.35 2.75 3.02 2.80
c 2.58 2.53 2.49 3.15 2.83

TABLE 1 DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD

LABORATORY: WATERWAYS EXPERIMENT STATION

MATERIAL
REPLICATE P

A B c D E

a 2.99 3.36 2.76 3. 64 2.83 g

b 261 2.82 2.96 2.92 3,25 n

c 3.05 2.92 2.80 3.35 3.16 N

N

2

TABLE 1 _DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD s

LABORATORY : NEW MEXICO ENGINEERING RESEARCH INSTITUTE o

MATERIAL -

REPLICATE P -

A B C D E {4

.

a 2.91 2.91 2.93 3.17 2 8 .

2.89 2.92 2.87 3.29 2.6 >

c 2.99 2.89 2.68 3.29 2.99 o

o
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TABLE 1 DATA SHEET FOR INTERILABORATORY TEST PROGRAM FOR ASTM METHCD

LABORATORY: PETROLEUM SCIENCES

MATERIAL
REPLICATE Po
A B C D E
a 1.19 1.24 1.11 1.05 1.15
b 1.15 1.14 1.03 0.97 1.09
c 1.20 1.10 1.10 1.08 0.99

TABLE 1 DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD

LABORATORY: CHICAGO TESTING LABS

MATERIAL
REPLICATE Po
A B C D E
a 0.95 0.96 1.11 1.04 1.04
b 0.94 0.86 1.11 0.96 1.08
c 1.01 0.93 0.97 1.03 1.11

TABLE 1 DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR _ASTM METHOD

LABORATORY: WATERWAYS EXPERIMENT STATION

MATERIAL
REPLICATE Po
A B c D E
a 1.11 1.24 1.00 1.04 0. 34
b 0.97 0.93 1.06 0.83 1.0
c 1.20 0.98 1.01 1.04 1.1
TABLE 1 DATA SHEET FOR INTERLABORATORY TEST PROCRAM FOR ASTM METH
LABORATORY : NEW MEXICO ENGINEERING RESEARCH INSTITUTE
MATERIAL
REPLI :ATE Po
A B c D E
a 1.19 1.14 _1.17 1.00 1.0°
b 1.17 1.16 1.14 1.06 1.15
c 1.23 1.14 1.04 1.0y 1.1n
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TABLE 1 DATA SHEET FOR INTERIABORATORY

P R R T TR R T N W U U P O T WO Y O R O O RO A LA @ o W e T,

-'r.-"'".v -‘&“-‘,\‘_‘i—_\—:‘— e e ~1_,'\ ‘.' o hd R4 b ~__.- "'W

TEST PROGRAM FOR ASTM METHOD

LABORATORY: PETROLEUM SCIENCES

MATERIAL
REPLICATE COT
A B C D E
a 0.73 1.51 1.49 2.16 0.87
b 1.02 1.45 1.06 2.21 1.60
c 1.27 1.53 1.13 2.32 1.49

TABLE 1 DATA

SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD

LABORATORY: CHICAGO TESTING LABS
MATERIAL
REPLICATE COT
A B C D E
a 1.54 1.55 1.39 2.01 1.57
b 1.54 1.63 1.41 2.11 1.61
c 1.51 1.58 1.49 2.14 1.55

TABLE 1 DATA SHEET FOR_INTERLABORATORY TEST PROGRAM FOR ASTM METHOD

LABORATORY: WATERWAYS EXPERIMENT STATION

MATERIAL
REPLICATE COT
A B C D E
a 1.63 1.62 1.72 2.28 2.03
b 1.59 1.93 1.76 2.46 1.63
c 1.48 1_90 1.70 2.24 1.61

TABLE 1 DATA SHEET FOR INTERLABORATORY TEST PROGRAM

FOR ASTM METHOD

LABORATORY . NEW MEXICO ENGINEERING RESEARCH INSTITUTE

MATERIAL
REPI ICATE coT
A B C D E
a 1.42 1.55 1.52 2.15 1.3
b 1.45 1.50 1.50 2.07 1,22
c 1.42 1.55 1.51 2. 1h 1o
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TABLE 1 DATA SHEET FOR INTERLABORATORY TEST PROGRAM

FOR ASTM METHOD

LABORATORY: PETROLEUM SCIENCES
MATERIAL
REPLICATE To
A B C D E
a 1.40 0.28 1.85 2.06 1.09
b 1.10 1.10 1.26 2.15 1.61
c 1.20 0.45 0.73 1.45 1.79
TABLE 1 DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD
LABORATORY: CHICAGO TESTING LABS
MATERIAL
REPLICATE To
A B C D E
a 1.59 1.77 1.89 2.3 1.78
b 1.61 1.54 1.89 2.13 1.7
c 1.66 1.81 1.63 1.94 1.84
TABLE 1 DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD
LABCRATORY: WATERWAYS EXPERIMENT STATION .
MATERIAL
REPLICATE To
A B C D E
a 2.11 2.57 1.85 3.07 2.18
b 1.82 2.02 2.02 2.07 2.41
c 2.19 2.07 1.93 2.31 2.43
TABLE 1 DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD
LABORATORY: NEW MEXICO ENGINEERING RESEARCH INSTITUTE
MATERIAL
REPLICATE To
A B C D E
a 1.96 1.91 1.91 2.21 1.90
b 1.94 1.97 1.92 2.36 2.03
c 2.02 1.85 1.82 2.27 2.13
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TABLE 2 _SUMMARY DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHCD
MATERTAL-X min

LABORATORY REPLICATE

¢ sy 7 FJSNS AV Sy v V. T,

A B C D E |
1 a 1.18 1.46 1.80 2.23 113 1
b 1.24 1.56 1.18 2.13 176 1
c 1.56 1,35 1.15 221 1,58 )
+
2 a 1.46 1.54 1.74 2.22 1.7
b 1.46 1.35 1.75 2.02 1.80 {
e 1.58 1.53 1.49 7.15 83 ;
3 a 1.99 2,36 1.76 2.64 1.83 )
b 1.61 1.82 1.96 1.92 225 4
¢ 2.05 1.92 1.80 2.35 ) 16 :
4 a 1.91 1.91 1.93 2.17 1.7
b 1.89 1.92 1.87 2.29 196
¢ 1.99 1.89 1.68 2 29 1,99

TABLE 2 SUMMARY DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHCD

MATERIAL-Po
LABORATORY REPLICATE
A B c D E
1 a 1.19 1.24 1.11 1,05 1.15
b 1.15 1.14 1.03 0,97 1.0
c 1.20 1.10 1.10 1.08 0 a0 y
K
2 a 0.95 0.96 1.11 1.04 1.04 .
b 0.94 0.86 1.11 0.96 1.08 .
c 1.01 0.93 0.97 1.03 1.11 s
»
3 a 1.11 1.24 1.00 1.04 0.89 .
b 0.97 0.93 1.06 0.83 1.2 .
c 1.20 0.98 1.01 1.04 1.15 -
»
kl
4 a 1.19 1.14 1.17 1.00 1.07 v
b 1.17 1.16 1.14 1.06 1.15 L
c 1.23 1.14 1.06 1.04 1.16 .
.
L
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TABLE 2 SUMMARY DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHID

MATERIAL-P
LABORATORY REPLICATE
A B c D E
1 a 2.18 2.46 2.80 3.23 2.13
b 2.24 2.56 2.18 3.13 2.76
c 2.54 2.35 2.15 3.21 2.58
2 a 2.46 2.54 2.74 3.22 2.7
b 2.46 2.35 2.75 3.02 2.80
c 2.58 2.53 2.49 3.15 2.83
3 a 2.99 3.36 2.76 3.64 2.83
b 2.61 2.82 2.96 2.92 3.25
c 3.05 2.92 2.80 3.35 3.16
4 a 2.91 2.91 2.93 3.17 2.78
b 2.89 2.92 2.87 3.29 RIS
c 2.99 2.89 2.68 3.29 2. aa

TABLE 2 SUMMARY DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHOD

MATERIAL-Pa
LABORATORY REPLICATE

A B c D E

1 a 0.45 0.50 0.60 N.68 0.46
b 0.49 0.56 0.53 0.69 0.51

c 0.53 0.53 0.49 0. 56 0,61

2 a 0.62 0.62 0.59 0.68 Q.62
b 0.62 0.63 0.60 0.68 0.52

c 0.61 0.63 0.61 0.67 0.61

3 a 0.63 0.63 0.64 0.71 0.69
b 0.63 0.67 0.64 0.72 0.63

c 0.61 0.66 0.64 0.69 0,54

4 a 0.59 0.61 0.60 0.68 0.61
b 0.60 0.60 0.60 0.68 0.61

c 0.59 0.60 0.61 0.68 0.61
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. TABLE 2 SUMMARY DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHODD
MATERIAL-COT
LABORATORY REPLICATE
A B C D E
1 a 0.73 1.51 1.49 2.16 0.87
b 1.02 1.45 1.06 2.21 1.6
c 1.27 1.53 1.13 2.32 1.49
2 a 1.54 1.55 1.39 2.01 1.57
b 1.54 1.63 1.41 011 1.61
c 1.51 1.58 1.49 2.14 1.55
3 a 1.63 1.62 1.72 2.28 2.03
b 1.59 1.93 1.7 2 46 1.63
c 1.48 1.90 1.70 2.24 1 61
4 a 1.42 1.55 1.52 2.15 1.32
b 1.45 1.50 1.50 2.07 1 52
c 1.42 1.55 1.51 2.16 1.51
TABLE 2 SUMMARY DATA SHEET FOR INTERLABORATORY TEST PROGRAM FOR ASTM METHGD
MATERIAL-To
LABORATORY REPLICATE
A B C D E
1 a 1.40 0.28 1.85 2.06 1,00
b 1.10 1.10 1.26 2.15 1,51
c 1.20 0.45 0.73 1.453 170
2 a 1.59 1.77 1.89 2.36 1.°3
1.61 1.56 1.89 2.13 1.78 j
c 1.66 1.81 1.63 1.94 1.84
3 a 2.11 2.57 1.85 207 BT
b 1.82 2.02 2.02 2.07 24l
c 2.19 2.07 1.93 231 N
4 a 1.96 1.91 1.91 2.21 1.90
b 1.94 1.97 1.92 2.3 2.3 !
c 2.02 1.85 1.82 R 21 )
\
i
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TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL A
WITHIN
AVERAGE LABORATORY
LABORATORY . X, VARI%NCE
X gln i
a c S.
i
1 1.18 1.24 .54 1.32 0.0372
2 1.46 1.46 .58 1.50 0.0048
3 1.99 1.61 .05 1.88 0.0569
4 1.91 1.89 .99 1.93 0.0028
TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL A
WITHIN
AVERAGE LABORATORY
LABORATORY X, VARI%NCE
Pg i
a [ S.
1
1 0.45 0.49 .53 0.490 0.0016
2 0.62 0.62 .61 0.617 0.00003
3 0.63 0.63 .h1 0.623 0.0001
4 0.59 0.60 59 0.593 0.00002
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TABLE 3 BETWEEN AND WITHIN ANALYSIS

FOR MATFRIAL A

S N S

WITHIN
AVERAGE LABORATORY
LABORATORY X. VARIANCE
a g c L s’
1
1 2.18 2.24 54 2.32 N0.0372
2 2.46 2.46 .58 2.50 0.0048
3 2.99 2.61 .05 2.88 0.0569
4 2.91 2.89 .99 2.93 0.0028
TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL A
WITHIN
AVERAGE LABORATORY
LABORATORY Po X, VARIANCE
a b c ! s
L
1 1.19 1.15 .20 1.18 0.0007
2 0.95 0.94 .01 0.97 0.0014
3 1.11 0.97 20 1.09 0.0134
4 1.19 1.17 .23 1.20 0.0009

128

.
s

IR 2
BERAL )

*a®

»
»

[ S DU [N
AR P IR

" 8] ae iy
!



[ A el Sl ol Sl e Bl ol i G sl tegs bk Sl Al A L G N R A AN A Rt A A AV At S N Eea v N SRRt A aCia At hs gt a L ot 0L e gL a |

TABLE 3 BETWEEN AND WITHIN ANALVYSIS FOR MATERIAL A

WITHIN
AVERAGE LABORATORY
h \Y ‘
LABORATORY CgT Yi ARI%NCE
a c s,
i
1 0.73 1.02 1.27 1.01 0.0730
2 1.54 1.54 1.51 1.53 0.0003
3 1.63 1.59 1.48 1.57 0.0060
4 1.42 1.45 1.42 1.43 0.0003
TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL A
WITHIN
AVERAGE LABORATORY
LABORATORY X, VARIQNCE
Tg i
a c S.
i
1 1.40 1.10 1.20 1.23 0.0233
2 1.59 1.61 1.66 1.62 0.0013
3 2.11 1.82 2.19 2.04 0.0379
4 1.96 1.94 2.02 1.97 0.0017
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TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL B
WITHIN
AVERAGE LABORATORY
LABORATORY . X, VARI%NCE
X gln i
a c S,
Py
1 1.46 1.56 .35 1.46 0.0110
2 1.54 1.35 .53 1.47 0.0114
3 2.36 1.82 .92 2.03 0.0825
4 1.91 1.92 .89 1.91 0.0002
TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL B
WITHIN
AVERAGE LABORATORY
LABORATORY X, VARI%NCE
Pg i
a c S.
i
1 0.50 0.56 .53 0.530 0.0009
2 0.62 0.63 .63 0.627 0.00003
3 0.63 0.67 .66 0.653 0.0004
4 0.61 Q.60 .60 0.603 0.00003
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: TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL B (
g WITHIN )
AVERAGE  LABORATORY
LABORATORY X, VARINCE
a g c s
i
1 2.46 2.56 2.35 2 .46 0.0110
: 2 2.54 2.35 2.53 2.47 0.0114
- 3 3.36 2.82 2.92 3.03 0.0825
¥
4 2.91 2.92 2.89 2.91 0.0002
y TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL B
"y WITHIN
\ AVERAGE  LABORATORY {
LABORATORY Po X, VARIANCE
1
a b c S, {
1 (
1 1.24 1.14 1.10 1.16 0.0052 i
I
¢ 2 0.96 0.86 0.93 0.92 0.0026 ~
3 1.24 0.93 0.98 1.05 0.0277

o

1.14 1.16 1.14 1.15 0.0001

|
{
|
|
i
i
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TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL B

WITHIN
AVERAGE  LABORATORY
: VARIAN
LABORATORY gt X JART3NCE
a C S.

1 )
1 1.51 1.45 1.53 1.50 0.0017 :

2 1.55 1.63 1.58 1.59 0.0016

3 1.62 1.93 1.90 1.82 0.0292

4 1,55 1.50 1.55 1.53 0.0008

TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL B
WITHIN :
AVERAGE LARBORATORY
LABORATORY x. VARTNCE

Tg i ~
a C S. .

i
1 0.28 1.10 0.45 0.61 0.1873 :

2 1.77 1.54 1.81 1.71 0.0212
3 2.57 2.02 2.07 2.22 0.00925 )
4 1.91 1.97 1,85 1.91 0.0035 g
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TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL C

WITHIN
AVERAGE LABORATCRY

LABORATORY . X, VARTANCE
X gln i :

L es

I

1 1.80 1.18 1.15 1.38 0. 1345

LK

.
™o
—

14 1.75 1.49 1.66

D
o)
5

]

3 1.76 1.96 1.80 1.84 NNyt

4 1.93 1.87 1.68 1.83 n.01"0

o y-
k"&{\[\ %%

T

TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL C

WITHIN
AVERAGE LABORATORY
LABORATORY X, VARTANCE
P% i pA
a c Si

1 0.60 0.53 0.49 0.540 0.0031

) g

X

2 0.59 0.60 0.61 0.600 Q. nont

3 0.64 0.64 0.64 0.640 0L 00N0

e 4 0.60 0.60 0.61 0,603 000003
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TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL C

WITHIN
AVERAGE LABORATORY
LABORATORY Xi VARI%NCE
a £ c s
Py
1 2.80 2.18 2.15 2.38 0.1346
2 2.74 2.75 2.49 2.66 0.0217
3 2.76 2.96 2.80 2.84 0.0112
4 2.93 2.87 2.68 2.83 0.0170
TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL C
WITHIN
AVERAGE LABORATORY
LABORATORY Po X. VARI%NCE
a b c ! S .
1
1 1.11 1.03 1.10 1.08 0.0019
2 1.11 1.11 0.97 1.06 0.00k5
3 1.00 1.06 1.01 1.02 0.0010
4 1.17 1.14 1.04 1.12 N.0044
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s TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL C
O WITHIN
AVERAGE  LABORATORY
LABORATORY X, VARIANCE
CgT 1 yd
4 C S;
b 1 1.49 1.06 1.13 1.23 0.0332
O 2 1.39 1.641 1.49 1.43 0.0028
e 3 1.72 1.76 1.70 1.73 0.000Q
i
o 4 1.52 1.50 1.51 1.51 0.0001
=
N
.r
.
> TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL €
- WITHIN
o AVERAGE  LABORATORY
z LABORATORY X, VARI4NCE
Tg i 2
. a o S.
Y L
7 1 1.85 1.26 0.73 1.28 0.3139
2
:',. 2 1.89 1.89 1.63 1.80 n.N225
3 1.85 2.02 1.93 1.93 0,007
4 1.91 1.92 1.82 1.88 0.,0020
‘.\
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TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL D

Pl i R R

WITHIN
: AVERAGE  LABORATORY
. LABORATORY . X, VARI%NCZ
X gnn i
N a c .
» i
2 1 2.23 2.13 2.21 2.109 0.0028
., 2 2.22 2.02 2.15 2.13 0.0102
! 3 2.64 1.92 2.35 2.30 0.1312
;'; 4 2.17 2.29 2.29 2.25 0.0048
TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL D
WITHIN
AVERAGE  LABORATORY
LABORATORY X, VARI§NCE
Pg i
a C .
i
1 0.68 0.69 0.66 0.677 0.000?2
2 0.68 0.68 0.67 0.677 0.00002
3 0.71 0.72 0.69 0.707 0.0002
4 0.68 0.68 0.68 0.680 0.0000
g f
: ]
g )
b 4
i |
1
1
L)
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TABLE 3 BETWEEN AND WITHIN ANALYSIS

FOR_MATERIAL D

WITHIN
AVERAGE LABORATORY
LABORATORY X, VARI%NCE
i
a g c S,
i
1 3.23 3.13 3.21 3.19 0.0028
2 3.22 3.02 3.15 3.13 0.0103
3 3.64 2.92 3.35 3.30 0.1312
4 3.17 3.29 3.29 3.25 0.0048
TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL D
WITHIN
AVERAGE LABORATORY
LABORATORY Po X, VARI%NCE
i
a b c S,
1
1 1.05 0.97 1.08 1.03 0.0032
2 1.04 0.96 1.03 1.01 0.0019
3 1.04 0.83 1.04 0.97 0.0147
4 1.00 1.06 1.04 1.03 0.0009
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TABLE 3 BETWEEN AND WITHIN ANATYSTS FOR MATERIAL D

WITHIN
AVERAGE LABORATORY
‘J ‘
LABORATORY CgT xi ARI?NCE
a C S .
1
1 2 .16 2.21 2.32 223 0.0067
2 2.01 211 214 2.09 0.0046
3 2 .28 2 46 224 2 33 0.0137
4 2.15 2.07 216 213 0.0024
TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL D
WITHIN
AVERAGE LABORATORY
LABORATORY . VARI%NCE
'Ig i
a C S.
i
1 2.06 2.15 1.45 1.89 0.1450
2 2.36 2.13 1.94 2 14 0,044
3 3,07 2 .07 2.31 2 48 0.2725
4 221 2 36 227 2 28 0.0057
N
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TABLE 3 _BETWEEN AND WITHIN ANALYSIS

FOR MATERIAL E

WITHIN
AVERAGE  LABORATORY
LABORATORY X gin Xy VARIQNCE
a c s
i
1 1.13 1.76 1.58 1,49 0.1053
2 1.71 1.80 1.83 1.78 0.0039
3 1.83 2.25 2.16 2.08 0.0489
4 1,78 1.96 1.99 1,91 0.0129
TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL E
WITHIN
AVERAGE  LABORATORY
LABORATORY Pg Xy VARIQNCE
a c _S..
L
1 0,46 0.61 0,61 0,560 0,0075
2 0.62 0.62 0.61 0.617 0.00003
3 0.69 0.63 0.64 0.653 0.0010
4 0.61 0.61 0.61 0.610 0.0000
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TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL E

TR TN LN v s Ty R N Y a

WITHIN
AVERAGE LABORATORTY
X, VARIANCE
g i 7
a c S

LABORATORY

. p
3 1 2.13 2.76 2.8 240 ).105: ;
[
2 2.71 2.80 2.83 2.78 0.0023 ‘
3 2.83 3.25 3.16 ) 08 D.048" «

o
N

.78

ro
0
[ox}
N

.99 201 0.01249

TABLE 3 BETWEEN AND WITHIN ANALYSTIS FOR MATERIAL ®

WITHIN
_ AVERAGE LABORATORY
LABORATORY Po X VARTANCE
a b c ! s;

1 1.15 1.09 0.99 1.08 0.00h5

: L. 04 1.08 .11 1.08 0N
2 0.89 1.20 1.15 1.08 0.027"
! 1.07 1.15 1.16 112 0000

" _ a2 . & X C ¥V S § % 2Ue o x s Loa X AU L L o

i
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TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL E

{
WITHIN )
AVERAGE  LABORATORY j
LABORATORY cgr X, JARI4NCE
a C S .
- i
1 0.5 1.60 1.49 1.32 0.1540
J4
2 1.57 1.61 1.55 1.58 0.0009 ﬁ
3 2.03 1.63 1.61 1.76 0.0561 )
q
4 1.53 1.53 1.51 1.52 0.0001 ]
l
-
TABLE 3 BETWEEN AND WITHIN ANALYSIS FOR MATERIAL E 1
WITHIN
AVERAGE  LABOPATORY ;
LABORATORY X, VARI§NCE
Tg i
a C S.
i
1 1.09 1.61 1.79 1.50 _  _0.1321
2 1.78 1.78 1.84 1.80 0.0012
3 2.18 2 .41 243 2,34 0.0193
4 1.90 2.03 2.13 2.02 0.0123
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TABLE 4 AVERAGES, COMPONENTS OF VARIANCE, AND VARIANCES FOR ALL MATERIALS

COMPONENTS OF VARTIANCE YARTANCE
MATERIAL AVERAGE WITHIN BETWEEN WITHIN BETWEEN
X min LABORATORY LABORATORY TABORATORY  LABORATCORY
A 1.66 0.0254 0.0790 0.0254 0.1044
C 1.68 0.0461 0.0308 0.0461 0.07kK4
| B 1.72 0.0263 0.0786 0.0263 0.1049
i E 1.82 0.0428 0.0477 D, U428 0. 0905
; D 2.22 0.0373 -0.0070 0.0373 0.0303
TABLE 4 AVERAGES, COMPONENTS OF VARTANCE, AND VARIANCES FOR ALL MATERIALS
COMPONENTS OF VARIANCE VARTANCE
MATERIAL AVERAGE WITHIN BETWEEN WITHIN BETWEEN
Pa LABORATORY LABORATORY LABORATORY LABORATORY
A 0.581 0.0004 0.0037 0.0004 0.0041
C 0.596 0.0008 0.0014 0.0008 0. 00n2
B _0.603 0.0003 0.0027 0. N00G73 0,000
E 0.610 0.0021 0.0008 00021 RRRRIINN .
D 0.586 0.0001 0.0002 0.0001 0.0002 o
' A
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2L TABLE 4 AVERAGES, COMPONENTS OF VARIANCE, AND VARIANCES FOR ALL MATERIALS
. COMPONENTS OF VARIANCE VARIANCE
MATERIAL AVERAGE WITHIN BETWEEN WITHIN BETWEEN
P LABORATORY LABORATORY LABORATORY _LABORATORY
N A 266 0.0254 0.0790 0.0254 0.1044
N C 2.68 0.0461 0.0308 0.0461 0.0769
“~
B 2.72 0.0263 0.0786 0.0263 0.1049
- E 2.82 0.0428 0.0477 0.0428 0.0905
N D 3.22 0.0373 -0.0070 0.0373 0.0303
P,
! .,
: TABLE 4 AVERAGES, COMPONENTS OF VARIANCE. AND VARIANCES FOR ALL MATERIALS
: COMPONENTS OF VARIANCE VARIANCE
- MATERIAL AVERAGE WITHIN BETWEEN WITHIN BETWEEN
' Po LABORATORY _LABORATORY LABORATORY _LABORATORY
?
. D 1.01 0.0052 -0.0009 0.0052 0.0043
U4
Fd
; B 1.07 0.0089 0.0095 0.0089 0.0184
-
: C 1.07 0.0035 0.0005 0.0035 0.0040
>
4 E 1.09 0.0095 -0.0026 0.0095 0.0069
. A 1.11 0.0041 0.0096 0.0041 0.0137
'd
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TABLE 4 AVERAGES, COMPONENTS OF VARIANCE, AND VARIANCES FOR ALL MATERIALS

MATERIAL AVERAGE

COMPONENTS OF VARTANCE

VARTANCE

WITHIN

BETWEEN

WITHIN

BETWEEN v

COT LABORATORY _LABORATORY LABORATORY LABORATORY 1
A 1.39 0.0199 0.0594 0.0199 0.0793
C 1.48 0.0143 0.0380 0.0143 0.0523
E 1.55 0.0530 0.0152 0.0530 0.0682 ’
&
B 1.61 0.0083 0.0182 0.0083 0.0265 s
o
4
D 2.20 0.0069 0.0093 0.0069 0.0162 .
4
TABLE 4 AVERAGES., COMPONENTS OF VARIANCE, AND VARIANCES FOR ALL MATERIALS .
COMPONENTS OF VARIANCE VARTANCE 5
MATERIAL AVERAGE WITHIN BETWEEN WITHIN BETWEEN b
To LABORATORY LABORATORY LABORATORY LABORATORY
B 1.61 0.0762 0.4653 0,0762 0.5415 :
A 1.72 0.0161 0.1329 0.0161 0.1490 Iy
c 1.72 0.0867 0.0610 0.0867 0.1477 -
E 1.92 0.0415 0.1119 0.0415 0.1534 .
D 2.20 0.1169 0.0225 0.1169 0.1394 t;
»
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TABLE 5 AVERAGES,

FOR ALL MATERIALS

P A Al

STANDARD DEVIATIONS, AND COEFFICIENTS OF VARIANCE

PPN

MATERIAL AVERAGE

STANDARD DEVIATIONS

COEFFICIENTS OF VARIANCE

WITHIN

BETWEEN

WITHIN

BETWEEN

X min_ IABORATORY ILABORATORY LABORATORY LABORATORY
j A 1.66 0.1594 0.3231 0.0960 0.1946
? C 1.68 0.2147 0.2773 0.1278 Q.1651
- B 1.72 0.1622 0.3239 0.0943 0.1883
; E 1.82 0.2069 0.3008 0.1137 0.1653
D 2.22 0.1931 0.1741 0.0870 0.0784

TABLE 5 AVERAGES,

FOR ALL MATERTIALS

STANDARD DEVIATIONS, AND COEFFICIENTS OF VARIANCE

MATERTAL AVERAGE

STANDARD DEVIATIONS

COEFFICIENTS OF VARIANCE

WITHIN

BETWEEN

WITHIN

BETWEEN

Pa __ LABORATORY LABORATORY LABORATORY LABORATORY
A 0.581 0.0200 0.0640 0.0344 0.1102
. c 0.596 0.0283 0.0469 0.0475 0.0787
. B 0.603 0.0173 0.0548 0.0287 0.0909
- L
: E 0.610  _0.0458 0.0539 0.0751 0.0884 ;
- D 0.686 0.0100 0.0173 0.0146 0.0252
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TABLE 5 AVERAGES, STANDARD DEVIATIONS, AND COEFFICIENTS OF VARIATION
FOR ALL MATERIALS

FIIBFRS,  Srd

STANDARD DEVIATIONS COEFFICIENTS OF VARIATIQON
MATERIAL AVERAGE WITHIN BETWEEN WITHIN BETWEEN
4 P LABORATORY LABORATORY LABORATORY LABORATORY

Oy
O

N A 2.66 0.1594 0.3231 0.0599 0.1215

C 2.68 0.2147 0.2773 0.0801 0.1035

B 2.72 0.1622 0.3239 0.0596 0.1191

E 2.82 0.2069 0.3008 0.0734 0.1067

D 3,22 0.1931 0.1741 0.0600 0.0541

TABLE 5 AVERAGES, STANDARD DEVIATIONS, 4AND COEFFICIENTS OF VARIATION
FOR_ALL MATERIALS

STANDARD DEVIATIONS COEFFICIENTS OF VARIATION
MATERIAL AVERAGE  WITHIN  BETWEEN WITHIN  BETWEEN
Po ___LABORATORY LABORATORY LABORATORY 1ABORATORY
D 1.01 0.0721 0.0656 0.0714 0.0650
B 1.07 0.0943 0.1356 0.0881 0.1267 |
c 1.07 0.0592 0.0632 0.0553 0.0591
E 1.09 0.0975 0.0831 0.0894 0.0762
A 1.11 0.0640 0.1170 0.0577 0.1054
146

S N T b N T T N N N P P N N SN Tt (L SRR SR SR
- .-. - g .. h-/'\-"\l"f" ,-(1..-, - \., '.$ 7




S ol

:
o TABLE 5 AVERAGES, STANDARD DEVIATIONS, AND COEFFICIENTS OF VARIATION
: FOR ALL MATERIALS
A STANDARD DEVIATIONS COEFFICIENTS OF VARIATION
) MATERIAL AVERAGE  WITHIN  BETWEEN WITHIN BETWEEN
. COT __LABORATORY LABORATORY LABORATORY LABORATORY
- A 1.39 0.1411 0.2816 0.1015 0.2026
o c 1.48 0.1196 0.2287 0.0808 0.1545
N E 1.55 0.2302 0.2612 0.1485 0.1685
- B 1.61 0.0911 0.1628 0.0566 0.1011
o D 2.20 0.0831 0.1273 0.0378 0.0579
o~
1 : .
- TABLE 5 AVERAGES, STANDARD DEVIATIONS, AND COEFFICIENTS OF VARIATION
- FOR ALL MATERIALS
= STANDARD DEVIATIONS COEFFICIENTS QF VARIATION
‘ MATERIAL AVERAGE  WITHIN  BETWEEN WITHIN  BETWEEN
- To _ LABORATORY LABQRATORY LABORATORY LABORATORY
-,
- B 1.61 0.2760 0.7359 0.1716 0.4571
"
N A 1.72 0.1269 0.3860 0.0738 0.2244
. c 1.72 0.2944 0.3843 0.1712 0.2234
r E 1.92 0.2037 0.3917 0.1061 0.2040
X D 2.20 0.3419 0.3734 0.1554 0.1697
.
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APPENDIX B
CLAY-GEL TEST PROCEDURE

AIR FORCE ENGINEERING SERVICES CENTER

TENTATIVE TEST PROCEDURE (AFESC-1)

CHARACTERISTIC GROUPS IN ASPHALT BINDER BY THE
CLAY-GEL ADSORPTION CHROMATOGRAPHIC METHOD
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Draft of Tentative Test Method (AFESC-1) for

CHARACTERISTIC GROUPS IN ASPHALT BINDER BY THE
CLAY-GEL ADSORPTION CHROMATOGRAPHIC METHOD

B1.0 SCOPE.

B1.1 This method covers a procedure for separating bituminous
meterials into four generic fractions; asphaltenes, saturates, aromatics,
and polars and the determination of the amounts of each. When the
sample contains more than one percent insolubles in n-pentane
(asphaltenes), the method provides for removsl of the insoluble material
prior to chromatographic fractionation, and the determination of the
amount present.

Note 1 - (Clay choice importent). When clays other than the original
Florex S clay are used for the determination of poler compounds, the
results may not necessarily be equivalent.

B2.0 APPLICABLE DOCUMENTS.

B2.1 ASTHM Stendards :
D 216, “Standard Method for Distillation of Natural Gasc'ine™.!

D 329, “Standard Specification for Acetone™?

D 1159, "Standard Test Method for Bromine Number of Petroleum
Distillates and Commercial Aliphatic Olefins by Electrometric
Titration™3

D 2226, "Recommended Practice for Description of Types of Petroleum
Extender Oils™*

--------------

1. 1982 Annual Book of Standsrds, Volume 0501.
2. 1981 Annual Book of Standerds, Volume 06.03.

3. 1984 Annua! Book nf Standards, Volume 05.01.
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4. 1982 Annual Book of Standandards, Volumes 05.02 and 09.01.
B3.0 SUMMARY OF METHOD.

B3.1 The sample is dissolved in n-pentane and filtered to remove
asphaltenes (Note 2). The filtered solution is rotary evaporated to
remove the n-pentane solvent. Solvent is then charged onto two glass
percolation columns connecled in series, containing clay in the upper
sections and silica gel (plus clay) in the lower section (see Figure B1).
The effluents from this and succeeding chargings are separately collected
- in specified volumes.

Note 2- The insoluble matter (asphaltenes) must be removed from the
sample prior to charging the column if the asphalt semples contain
more than one weight percent n-pentene insolubles, as determined in
Section B9.

The upper (clay) section is removed from the lower section and washed
further with n-pentane. An acetone-toluene mixture 63 percent acetone
to 37 percent toluene by volume, is then charged to the clay section.
Methylene chloride is used as 8 final eluent to strip polar compounds {rom
the clay colurnn.

The lower (silica) column is charged with a toluene-acetone mixture of
80 percent toluene to 20 percent acetone by volume. Pure toluene is used
as a {inal eluent Lo strip aromstics from the silica column

B3.2 The solvents are completely removed from the recovered
effluents by the use of & rotary eveporator and the residues are weighed
and calculated as saturates, aromatics, and poler compounds. See Figure
B2 for a flow chart of the procedure.

B4.0 SIGNIFICANCE AND USE.

B4.1 Concentrations of charecteristic hydrocarbon groups as
determined by this method ere used Lo classify bituminous materials.
Compatibility end certein finished product properties can oflen be
correleted with the corposilion as determined by this method.
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85.0 DESCRIPTION OF TERMS.

P

B85.1 The following descriptions refer to the hydrocarbon types and
structuroe! groups as measured by this method :

N BS.1.1  Asphaltenes, or n-pentane insolubles. insoluble matter that
. can be separated from the asphalt.
c_s B5.1.2 Polar compounds. Material retained on adsorbent cley after

percolation of the sample in 8 n-pentane eluent under the conditions
specified.

Note 3- For classification purposes, the group “polar aromatics” or
“resins” is the same as “polar compounds™.

B8S.1.3 Aromatics. Msterial that on percolation, passes through e
column of adsorbent clay in a n-pentane eluent, but adsorbs on silice
gel under the conditions specified.

85.1.4 Saturates. Material, thet, on percolation in a n-pentane

eluent, is not adsorbed on either clay or silica gel under the conditions
specified.

B6.0 APPARATUS.

B6.1 Two cley-gel columns, 40 mm diameter by 318 mm from top of
colurn to top of fritted glass. 70 mm from top of fritted glass to bottom
of column, constructed as illustreted in Figure B1.

B86.2 Conical flask, wide mouthed, gradusted SO0 and 1000 m)
capacily. Six required, see Section B10 for identification details.

B6.3 Convection oven.

86.4 Filter funnel, Buchner-type, glass 150 mi capacity, 60 mm
diameter, fine porosity filter disk.

86.5 Filter funnel, long stem 100 mm diameter (optiansl).
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B6.6 Filter flask, S00 ml.
B86.7 Hot-water bath with nitrogen jets.
B86.8 Hot plate.

B86.9 Rotary eveporator, including boiling flask, collecting flask,
water condenser, nitrogen jet, hot water bath and vecuum.

B6.10 Vacuum and vacuum tank.

B87.0 REAGENTS AND MATERIALS.

B7.1 Acetone, reagent grade.

B7.2 Acetone-toluene mixtures (20 acetone to 80 toluene and 63
acetone to 37 toluene by volume).

B7.3 Clay adsorbent, 30 to 60 mesh Attapulgus. Clay quality must be
determined using the azobenzene activity test according to ASTM 2007°.
The azobenzene activity test measures the adsorptive characteristics of
the cley. Azobenzene activity value should be 26 to 29. Clay outside of
these limits should be discarded.

B7.4 Methylene chloride, reagent grade.

B7.5 Molecular sieves 8-12 mesh. Approximetely 20g are placed in
reagent conteiners to remove water. Sieves should be prevented from
entering columns during test.

B7.6 Pentene, reagent grede.

B7.7 Silica gel, activated, 28 to 200 mesh. This materiel is availeble

from Forcoven Products, Inc., Box 1488, Humble, TX, 77338 and
specifically prepared for ASTM D 2007°.

- -~
O S O PR i i R o

S. D 2007-80, “Standard Test Method for Characteristic Groups in Rubber
Extender ond Processing Oils by the Clay-Gel Adsorption Chromatographic
Method™. 1985 Annual Book of ASTM Standards, Valume 0901
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87.8 Toluene, reagent grade.

879 Trichloroethylene, technical grade.

B8.0 PREPARATION OF SAMPLE.

B8.1 If the n-pentane insolubles content is known to be above one
percent by weight, or if there is some uncertainty thet this content is not
below one percent by weight, remove and determine any such insolubles
8s described in Section B9.

88.2 If it is certain that the n-pentane insolubles content is less
than one weight percent, proceed to Section B10.

,
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69.0 INSOLUBLES REMOVAL.

B9.1 Weigh 2.5 £ 0.05 g of the semple to the nearest 0.0001g in @
preweighed 250 ml conical flask; add 62.5 ml n-pentene (25 mi/g of
sample) and mix well. Allow the sample to stand overnight. Use & glass
stirring rod to gently break up the clump of asphalt. Stert at the edge of
Llhe clump and work inward to solubilize as much asphall as passible.

89.2 Set up o filtering assembly using 8 SO0 ml suction flask and &
150 ml cepscity gless Buchner funnel. Filter the sample-n-pentane
mixture. Rinse oul the conicel flesk twice with 10-20 m! n-pentane and
pour the two rinse solvents through the filtering funnel. "mis flask
should be retained for later weighing; see SectionB11 3

89.3 Add opproximately SO0 ml of pentane salvent, in four or five

equal portions, to the filter funnel just when the precipitate collected in

the funnel appears dry on the surface. Wash the inner walls of the funnel

with 10-20 ml of pentane solvent. Place aluminum fo1l (or other suitable
material) over the top of funnel and remove funnel from fiitering flask

l (Note 4). Pour filtrate into 1000 mi boiling flask end place in rotary

evaporelor to remove solvent, as described in Section 9.4 Return Buchner

to filtering flask end wash twice more, as before, with 500 ml of

pentane Rolery evaporate after each wash.

Ctntataa Al LAY
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The covered Buchner should be placed in a drying oven for one hour in

! order to remove any water that remains on the funnel or in the

‘ asphaltenes, removed and placed in a dessicator to cool, and then weighed.
' This procedure should be repeated until a constant weight is obtained.
This precipitated material remaining on the filter is the asphaltene
fraction.

Note 4- The Buchner is covered to decrease the possibility of losing
any of the drying asphaltenes into the fume hood.

' B89.4 Adjust the boiling flesks containing the filtrate over the warm
water bath of the rotary evaporator such that the flasks just touch the
water. The flask can be lowered as solvent evaporates. The temperature
of the water should be 70 + 2.0C (158 + 4F) A nitrogen iet should be
exlended into the boiling flask with vacuum snd condensing water turned
on. The solvent will evaporate and condense into the receiving flask.

Solvent collected in the receiving flask should be discarded. When most
of the solvent has evaporated, remove the boiling flask from the rotary
evaporator end wash down with 20-25 ml n-pentane Se! the flask aside
until the next pentane wash is required. After evaporsatian of the third
and final penlene rinse, the recovered material, which contains the
n-pentane solubles and epproximately SO m! of pentane 1s combined and
used to charge the clay-gel cotumn as described in Sec'ion B10.2.

B10.0 FRACTIONATION.

B10.1  Assemble a set of receiving flasks and identify as follows :
For saturstes :

1 - S00 mi conical flask marked "A”.

Trv v Y Y

For aromatics :

i - 500 ml conicel flask marked "B
i - 1000 ml conical flask marked "C".
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For polar compounds :

1 - S00 m! conical flask merked "D".
I ! - 1000 ml conical flask marked E.
} 1 - SO0 mi conical flask marked “F".

B10.1.1 Prepare the adsorption column (Figure B1) by placing 100g
of Attepulgus Clay in the upper section of the column and 2009 of

silica gel (activated) plus 50g of clay on top of the gel in the lower
section.

Note 5- 1t is important that the adsorbents in each column be
packed uniformly and to a constant level. The upper columnn is
packed in two lifts with approximately 50g in each lift. After esch
lift, pack the column using {2 taps with 8 soft rubber hammer to
the ares where the clay is in the column. Continue (he tapping o
four points approximately 90° apart around the column. The top of
the clay is then tapped 20 limes to achieve a constant level. After
each 1ift is added to the column, repeat the procedure of turning,
tapping the sides, and tapping the top. A rubber hemmer mey be
assembled by fitting 8 small metal rod, about 260mm long, into the
side of a No. 10 rubber stopper. A longer metal rod, about S00mm,
can be fitted into the top of a No. 6 rubber stopper for use in
tapping the top of the packing material.

B10.1.2 The lower column is packed with approxirmately three
equal 1ifts of silice gel and one lift of the 50g of clay. Place a piece
of glass wool (of about 25 mm loose thickness) over the top surfece
of the ciay in the upper column to prevent agitation and disturbance of
the clay while charging the column with eluent solvents. Join the clay
over gel columns with a No. 10 rubber stopper.

B10.1.3 Fresh adsorbents should be used for each determination as
adsorption capacities become limited after use. The columns should
nol be packed more then a few hours prior Lo their use as moisture
from the air can be adsorbed on the clay and silica surfaces. In
addition, the packed columns should be covered with aluminum foil if
the columns remain unused for more than 15 minutes.
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B10.1.4 Place a preweighed SO0 ml conicel (lask A" under the
column assembly that will be used to collect the sotlurate fraction.
Place another preweighed conical flask "B” to the side so that when
ﬁ the column is disconnectled later, the arometic fractinon from the upper
)

A3,

T ¥ |

column can be collected into that flask.

N B10.2 Add 2S ml n-pentane to the top of the clay portion of the

A assembled column and allow to percolate into the clay. After most of the
pentane has entered the column, charge to the column the n-pentene
diluted sample thal was prepared according to B9 4 See Figure B3.

Note 6- The sample and eluents may be added to the column through e
65 mm diameter long stem funnel (the funnel can remain on top of the
column). At no time after the initisl charge of pentane has been added
should air be sllowed to enter the clay bed. This is accomplished by
keeping a continuous flow of liquid through the column until the
specified volume of effluent is collected. After the columns have been
separated, air can be introduced as the subsequent processes involve
only the stripping of meaterials from the edsorbents

Wash the sample flask with n-pentane and add the washings to the
column. After most of this material has entered the clay, wash the walls
of the column sbove the clay free of sample with n-pentane.

B10.3  After most of the washings have entered the clay, charge
n-pentene Lo the columns and maintain a head level well above the clay
bed to wash the salurate fraclion of the sample from the adsorbents.
Collect 250 + 10 ml of the first pentane effluent in flask "A".

$ B10.4 Disconnect the two column sections, placing the SO0 mi
flask "B" for collecting the arormatics under the upper or sy column.
Place flask A" under the ltower or s1lics column,

Rinse the walls of the lower or silica gel column and allow to drain for
30 minutes into {lask "A", yielding 300 ¢+ 10 ml totel efflunntl. The
salurate fractlion is in this solution .

Continue washing the upper clay section with n-pentane. Maintain o
moderate liquid head level above the clay during this wash and adjust
n-penlane additions so that the level is about 25 mm above the clay.

157

" "2 e A A" " 2 e a N e P
Ny CNEN L]

‘ P T TP T e N VI SO T R TP T R PRI T TP S
- - « . e . w D -
et e T T T e Y N Y

DO TN IR P S
AN YL AL GO YE VIS oon e




(YT TS TPYY g a0 gty gl 10a aba At ate At fig Aln glo At 4|  gle g% 4la ato Al laataate Ats A%a 2% ata A% BEo ke g% ol A¥a S jte Jie ) YO T UW LW AR AT VWO
oo Ao 2Ata Blg 4ig pig aVa BT, AL e v w - ) R R R B o -
|

‘.

]

when 250 ml has been collected in flask “B", wash the walls of the column
with 10-20 m! n-pentone. Disconlinue the n-penlane additions at this
point end alloy the solvent to drain for 30 minutes. The effluent quantity

after draining should be between 275 and 300 ml. The first part of
the aromatic fraction is in this solution.

B810.5 Remove the receiver flasks from both columns replacing the
lower or silica gel column receiver with 8 1000 ml conical flask "C”
which will be used to collect additionel aromatics.

B10.5.1 The filled receiver flask "A” for the lower column
(saturates) should be placed on a hat water bath as described in
Section 11,

B810.5.2 The upper clay column receiver should be replaced with
anolher S00 ml flask "D” which will be used to ccllect the first part of
the polar fractions.

Set aside the filled receiver flask "8” for the upper column
(aromatics), as the fingl effluent for aromatics wii be added to this
rmaterial later.

B10.6 The solvent system for aromatics consists of a acetone-toluene
mixture proportioned 20 percent acetone to 80 percent taluene by volume
of mixture.

B10.6.1 Pour the acetone-toluene mixture onto the silica column
to collect 1000 to 1025 ml effluent.

Replace the filled receiving conicel flask "C™ with the fiask contsaining
the first aromatic effluent (flask "B~ that now should contain
spproximately 300m? of solution)

Charge the lower silica column with the final eluent using
approximately 100 ml of pure toluene to insure complete stripping of
aromatics from the silice column.

B10.7 The solvent system for polar compounds is an acelone-toluene
mixture proportioned 63 percent acelone to 37 percent toluene by volume
of mixture.

L’L’t.. - s, s
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810.7.1 Pour the acetone-t.iuene mixture onto the cley column to
collect approximately SO0 ml effluent.

Replace the SO0 ml polar compound receiver flask "D” with a 1000 ml
conical flask "E” and continue to pour poler solvent through the column
until approximately 1000 to 1025 ml effluent has been collecled.

810.7.2 Replace this filled receiver €™ with 6 SO0 ml conical
flask “F" Lo receive the final effluent,

Chorge the upper clay column with the final eluent using
approximately 200 mi of methylene chloride to insure complete
stripping of polaer compounds from the column.

B11.0 SOLVENT REMOVAL.

Bi11.1 Solvents are removed from the saturate-solvent solution {flask

"A”) by the use of a hot water bath (temperature at approximately 71C
(160F)).

The receiving flask is adjusted so that the flask is slightly immersed into
the water bath. Place & nitrogen jet 40 to SO mm above the liquid in the
flask end open the nitrogen valve to the point that the gas only mildly
cuts into the surfece of the liquid. Lawer the nitrogen jet occassionly
during the eveporation but do not place it below the surface of the liquid.

when the solvent has been completely evaporated, remove the flask from
the weter bath.

B11.2 Solvents are initially removed from the aromatic and polar
compound solutions by the use of & rotary eveporation system in
sccordence with Section 89.4. The recovered rotary evaporated materiel
is transferred using two washes of n-pentane (10 to 20 ml each) and o
final wash of toluene (10 to 20 ml) to the preweighed conical flask for
the appropriate aromatlic or polar fraction.

All flasks, including the saturate flask, are then placed on a hot plate at
approximately 260C (S00F).
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Note 7- {f o temperoture controlied hot plate is nol available, o hot
plate set on high heat may be used with the flask set on 8 wire gouze.

Sweep the surface of the residue with nitrogen. Remove the flask from
the hot plate when the first trace of smoke appears at the top of the
flask.

Wwith saturates and aromatics only one such hesting is necessary.
For polars, two heatings will be required.

Place samples in a convection aven at 110C (230F) {or | 1/2 0 2 hours.
Flasks should then be placed in a dessicator and cooled ta room
temperature. After the sample flasks have cooled to room temperature,
veigh each flask to determine the samount of residue by subtracting the
initial weight of the flask.

B11.3 Todetermine the asphailtenes residue, weigh the oven-dried
Buchner funnel and subtract the initial weight of the funnel, weigh the
oven-dried Buchner funnel end sublract the initial weight of the funnel.
Weigh the the oven-dried 250 mi conical flask (Section 8 9.2) end
subtract the initial weight of the flesk. Add these two weights to
determine the asphaltene residue.

B12.0 CALCULATIONS.

B12.1 Calculate the emounts of asphaltenes (n-pentane insclubles),
salurates, aromeatics, and poler compounds in the sarnples &s follows -

e

™

Asphsltenes, weight percent = (B/ A} x 100 :’_3.
Saturates, weight percent = (C/ A) x 100 :E;
v.q‘

Aromatics, weight percent = (D / A ) x 100 ‘-g
Polar compounds, weight percent = (E/ A ) x 100 :j
X
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B13.0 PRECISION.

where ;

A = grams of original sample used.

8 = grams of sediment filtered from n-pentane-sample mixture (Buchner
funnel).

C = grems of residue from n-pentane effluent (flask "A”).

D = grams of residue from n-pentane effluent of upper or clay column
afler column separation plus residue from aromatic solvent effluent of
lower or silica gel column residue plus residue {rom toluene final
effluent of lower column (flasks "B and "C").

€ = grams of residue from the S00-1000 ml polar compound effluent plus
residue of final effluent of methylene chlaride, all from the upper or clay
columnn (flasks D7, "E", and “F~).

B12.2 Normalizations.

Normalized percent for asphaltenes = (weight percent of asphaltenes ) x F
Normalized percent for saturstes = (weight percent of saturates) x F

Normalized percent for aromatics = (weight percent of aromatics) x F

Normalized percent far polar compounds
= (weight percent of poler compounds) x F

where f = 100 / G, and

G = sum of asphallene, saturate, aromatic, end poler compound weight
percent.

e e e o w W M N . T - N TR R o Tem "

B13.1 Thereis no precision statement at present. A rule of thumb for
8 single operstor with a single bitumen semple is that the totel

161

e L et e L N W Y e W T N SN
N AT LS NN LR AN SR A S Sl . R A T AT AT e AT AT AT N A T




TR 4" AT 00 A7 % A WEENER T T e o T o ST B X

calculaled percentages of asphaltenes, saturates, aromatics and polar
compounds should aedd to at least 92 percent recovery.

Two runs by the same operator on the same bitumen semple should be

suspect if any component is not within one calculated percent of that
celculated in the previous run

B14.0 REPORT.

B14.1 The report should contain calculeted ond normalized percentages
of componenls. Additlionally, the report should contain the approximate
amounts of materials collected in each receiver.

B15.0 NOTES.

B15.1 Place approximately 20g of molecular sieves in the reagent
containers Lo absorb water. Insure thal sieves are not removed (rom the

reagent container during transfer of the reagent from the container to
colurnns or other tesl containers.

B15.2 Prior to the day of the test, weigh one 250 ml conicel flask,
three SO0 mi conical flasks and one Buchner funnel. Place the sample in
the 250 rnl flask and reweigh to obtain sample weight.

B13.3 Prior to the day of the test, place 625 ml of n-pentene in the
sample flask and allow to stand overnight

B15.4 Trichloroethylene is used for clesning of the glacsware,

especially the fritted disk of the columns and Buchner furinels. The
cleaning process is as (ollows :

Buchner funnels are cleaned by placing them on filterirg flasks

ond filling the funnel with trichloroethylene twice. Eech
trichloroethylene wash is followed by three {illings snd washings
with distilled water allowing the solvent end water to filter through
completely before the next trichloroethylene washing.
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Columns are washed using two trichloroethylene washes followed by
three distilled water washes following Lhe same procedure as for the
funnels.

B15.5 In washing the receiver flasks and boiling flasks from the
rotery evaporator it is important lo use only n-pentane prior to the
separation of the columns. After the columns have been split, the
vashing is conducted with two washings of n-pentane and o final wash of
toluene.

vy
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Figure Bl. Clay-Gel Apparatus.
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FROM 9.4

POLARS QA
AROMAT LS suIcA
L N W

SECTIONS 10.2 AND 10.3

ARDMATIC

D s

SATURATES

LA ] Cnpmras

SECTICK 10.4.1

PCLAR AFOHMATICS

Ay D Lch

Lo

E

SECTION 10.5

POLAR ARDMATIC
l::] QaY D SAiCA
l B | [ 4 l

SECTION 10.4
PCLAR

D QLY

8 1sf PART OF
L eorares

SECTICh 10.4.2

Osk RDP 41 (86-1138)

Figure B3.

Procedure Schematic.
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2080 TOLUENE
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L8 |
Le]
AROMAT IS ARDMATICS
+ ACETONE / TOLUENT + H-PENTAKE
+ TO0LUENE
SECTION 10.6
METHYLERE
CHLORTE

D CLAY

63 :37
ACETONE / TOLUENE

D CLAY
POLARS

L8 1O 4 aceroee / Towen

SECTION 10.7.1

FLASK CES IGATIANS
SATURATES

A SOOML, COMCAL

_.,r. -r_‘,r., ,, -#‘.M.\,(.

AROMAT ICS
LF ] g SO0, COMCAL

C  1000M., COHTAL
SECTION 10.7.2 POLAR CO-POILDS

0 SO0, COTiCAL

£ 1000 M., CT{CAL

F SOOM., COCAL

Dsk RDE 41 (86-1158)

Figure B3. Procedure Schematic (Concluded).
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: CLAY GEL DATA FORM
. ASPHALT CHEMICAL COMPOSITION ANALYSIS ~STM 02002
:
"
r PROJECT 10 DATE
! SAMPLE D TECHNICIAN
“
. CALC. BY: CHECKED BY:
a
o
‘\
i A TARE WEIGHTS:
i 1. EF 4 (S) INIT. WT. gm
f 2. EF 4 (AR) INIT. WT. gm
" 3. EF # (PC) INIT, WT. gm
i 4. BF £ (A) INIT. WT. gm
. 5. EF # (A) INIT. WwT. gm
- SAMPLE Wi _am
B. FINAL WEIGHTS:
t. EF # _ (s gm am
2. EF 4§ (AR; gm am
3. EF 4 vy gm et
4. BF ¢ - wy gm am
5. EF # (A) B gm gm
C. FRACTIONAL COMPOSITION PERCENTAGES
” _wt. (EF + S) - wt. EF
L. % SATURATES = 575 Sample Weight 100
o ow y _ wt. (EF + AR) - wt. FF .
2. % AROMATICS = 351 SampTe Weight 100
_wt. (EF +# PC) - wt. EF .,
3. % POLAR CMPDS = 3o Sample Weight x 190
4. % ASPHALTENES = (wt. (BF + A) - wt. BF] + {wt. (EF ¢ Pesidue) - wt. £F]
’ - Total Sample doxgnr
AL }
, {
NORMAL T ZATIONS : :
[ SATURATES [ ARGMATICS [ eoral eMels | oanenst iene T Tolal_ ;
NORMAL T/7ED — ) S SR - g ‘
AVERAG! [ o ~ N
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APPENDIX C
COMPATIBILITY BY HEITHAUS FLOCCULATION

- e PE—— W W W W mm—— = = T

A'R FORCE ENGINEERING AND SERVICES CENTER

TENTATIVE TEST PROCEDURE (AFESC-2)

v

DETERMINING COMPATIBILITY OF BITUMINOUS MATERIALS USING
A MODIFIED HEITHAUS FLOCCULATION RATIO TEST PROCEDURE
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Draft of Tentalive Test Method (AFESC-2) for

DETERMINING COMPATIBILITY OF BITUMINOUS MATERIALS USING
A MODIFIED HEITHAUS FLOCCULATION RATIO TEST PROCEDURE

AlO SCOPE.
Al.1 This method covers the measurement of solution properties of
bituminous binders by the modified Heithaus Flocculation Ratio Method.
This method is for use with recovered aged binders, virgin asphalts,
asphaltene-conlaining madifiers, and blends of recovered sged binders
with modifiers and/or virgin binders.

A2.0 APPLICABLE DOCUMENTS.
A2t ASTM Standards :

D 70, "Standard Test Method for Specific Gravity of Semi-Solid
Bituminous Materials™?

D 979, "Stendard Methods for Sampling Bituminous Paving Mixtures" 2

D 1856, "Standard Test Method for Recovery of Asphelt from Solution by
Abson Method" 2

D 2172, "Stendard Test Methods for Quantitative Extraction of Bitumen
from Bituminous Paving Mixtures™?

s

>
)
.-4
)
.'I'
."
|

L

A30 SUMMARY OF METHOD. 0
f'\

H‘-‘

A3l A 1.0g sample of bitumen or bitumen biend 15 placed in 8 S0 ml :'.‘:
flask. Four additional 1.0g semples ere placed in 125 ml ‘lesks. The b
semple in the SO ml flosk is solvated in 0.5 mi of reagent grede toluene. ;
The samples in the four 125 ml flasks are solvated in 1.0, 2.0, 4.0, :-'_j
end 6.0ml of the same solvent. To each solution, n-dodecene titrent is :,':
edded until flocculation is detected. =

-
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The volumes of toluene {poler) and n-dodecene (non-pol~r) recorded for
each test are used to determine the following solubilily properties :

e Asphaltene Peptizability (P,).
e Maltene Peptizing Power (Po).

e Stlate of Peptizalion of an Asphaltene Dispersion (P).

e mamansn il e ASLPY O Jr g rla-r.’ﬁ-.%

A4.0 SIGNIFICANCE AND USE.

Ad. 1 This method provides 8 means of determining the relative
compalibility between blends of bituminous materials This is
particularly crucial in recycling applicetions which invaive blends of
field aged binders of unknown origin, modifiers, and, o virgin binders

AS.0 DESCRIPTION OF TERMS.

AS.1 Flocculation ratio (FR) is defined as the minimur volume
proportion of non-polar solvent in an polar/non-polar solution
necessary to prevent precipitation af asphaltenes 3

AS.2 Dilution ratio (DR) is the ratio of the totsl volume of polar and
non-polar solvent to the mass of asphalt sample 3

AS3 Asphaltene peptizebility (P,) is the ability of the asphaltenes to

remain dispersed. This parameter is related to the flocculation ratio and
is expressedas ( 1 - Rmax ) where FRmay 'S the intercept on the FR axis

of Figure Cl(b).

AS 4 Xmin 1S the minimum volume of non-polar sglvant (n-dodecane) ‘

required to precipitate the least amount of asphalten2s. This narameter
can be approximated by T, where T, is the intercept on the T axis of

Figure C2
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AS.S  Maltene peptizing power (P,) is the ability of the maltene
fraction to disperse the asphsaltenes. P0 is expressed as :

FRuaxXmin * 1)-
AS.6 State of peptizetion (P) represents the overall solubility
properties of the entire solution. This parameter is expressed as :

(PO/[l-Pa])oras( xmin")‘

A6.0 APPARATUS.

A6.1 Buret, glass SO ml with 1/10 subdivisions and teflon bore
stopcock.

l
.
.
]
"
i
5.
.
\
'\
o)
M
)
;

AG.2 Douhle buret clamp.
A6.3 Carmers with microscope adapter.

Ab.4 Dessicalor, glass, non-vacuum, 160 mm 1.0 x 255 mm and
dessicalor plate, 140 mmn dismeter.

AB6.S Filter paper, 7.0 cm, medium.
A6 .6 Conical flask, 50 mi and 125 mi.
A6.7 Funnel, filtering, SS mm top diameter, 63 rmm series,

A6.8 Gless rods for making spot tests. 125 mm (S inct) length.

- 2 WPy i

A69 Magnetic stirrers with magnetic stir bars
A6.10 Microscope with transmitted light features and rmovable stage.
AG.11  Pipets, disposable. For making smears on micrascope slides.

A6.12 Ring stands (or burets.

e o o . T — - —— "

A6.13  Thick hanging drop slides, medium, two cavities
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A6.14 Cover slides 22 x 22 mm, No. 1 1/2.

A6.13 Timer.

ATl I

.

A7.0 REAGENTS AND MATERIALS.

.Qf‘

7.

L Bk

A7 N-dodecane, reagent grade.

A7.2 Toluene, reagent grade.

i

L%

A73 Toluene : dodecane mixture, 50 : 50 by weight.

s
AR

A7.4 . Trichloroethylene, technical grade. Used for cleaning glassware.

A8.0 PREPARATION OF SAMPLE.

AB.1 Bitumen for testing should be frozen at 6F (-14C) to facilitate
the weighing process. After weighing, bitumen should be warmed in an
oven o approximately 110C (230F) for 5 to 10 minutes before
introduction of the solvent.

AB.2 Weigh 1.0000 ¢ 0.0500g sample into 8 SO ml flask. Weigh four
1.0000 + 0.0550q sarnples into each of four 125 ml flasks.

'-lv.ji
« & & 2

Dissolve the sample in the SO ml flask with 0.5 mi of polar solvent
(toluene). Dissolve the remaining four samples in 125 ml {lasks in
volurnes of 1.0, 2.0, 40, and 6 0 ml of toluene Use s magnretic stirrer to
bring samples into solution. Recard sample weights and comments using
the =ppropriate data forms. Ambient lemperature should bz maintained at
70 £ SF (21 + 3C).

A "‘c' "

sl

Ag9.0 FLOCCULATION OBSERVATIONS.

AL LAAAE SO

oL

A9.1 Before beginning titrations, check to determine that all of the

sample has gone into solution. If not, continue stirring until all sample is
dissolved.
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Start with the 1.0, 2.0, 3.0, and 4.0 m] flasks, titrate dodecane in
increments of 1.0 ml, see Section A13, “Titration Guide. After litration
is completed for these flasks, test the remaining 0.5 ml flask. {tis
important to record all titrations end comments on the appropriete data
sheet.

After each addition of n-dodecane, place flask on magnetic stirrer and
stir for S minutes. Lel mixture sel for an additional S minutes and
observe for flocculate as described below.

A9.2 Set microscope to 6 range of 100-150x megnification. To
prepare microscope slide, dip sample (Note 1) into solution in flask.
Smear the tip of the sampler in one of the concave sec.ons of the slide.
Care should be taken in smearing the slide. If smear is too thick, light
transmission through sample is decreased making microscope viewing
difficull. If smear is too thin, then microscope viewing is also difficult.
Immediately cover with a cover slip and slide under viewing field of
microscope. The observation should be sccomplished in less than 30
seconds. Otherwise, extended delay can cause false fiocculate results. If
there is no flocculate, add the next increment of toluene and repeat the
process of A9.1, followed by A9.2.

Note 1- A sampler cen be made by holding & disposable glass pipet over
8 bunsen burner flame. A small bead will form on the ¢nd which is
suitable for making the smears on the microscope shdss.

A9.3 Flocculate can be described 8s an agglomerate of particles or
clusters that are insoluble. Fiocculation occurs s the concentration of
nun-polar solvent (dodecane) reaches & criticsl point ({he endpoint) where

solute particles can no longer remain dissolved 1n the polar/non-polar !

solution, thus, these particles begin to precipitate from the solution. In 7'.-;

the course of the titration, as the endpoint is approached, psrticles may

oppeor 6t the edge of the glass slide. However, a true endpoint is notl R

reached until clusters of floc particles are present throughout the >

solution. These clusters may be dispersed throughout the solution or [

create 8 “carpel-like” appearance in the solution w2

The degree of flocculation and the appearance and size of the floc I

particles may vary from semple to semple. Thus, consistency must be j-

(]

<

-~

;L‘

o

174 + 4

--------------- e lE AT e e et e T \'.-1;\:\:\}.15..1.\.'-.&'&
“n, ."..";u-;'?.."i';‘.. AR .A'.a...a}.eu.n},p_A .n'..A e 'A _A\A PRIV YV IR




S A fad-t ol tad Sak G Wkl S0 Gt s ok Sat i A Al it Wy T o W]
Y ." A

:
;

N~

-

L .
!

-

~

A,
maintained in defining the endpoint where flocculation occurs . It is

criticel that the operalor be consistent in defining this endpaoint.

A9.4.  After observing flocculation in the microscope, 8 spot test
should be conducted as follows :

Fill a dessicator with about 1/2 inch of S0 : SO toluene / n- dodecane by
volume mixture but below the level of the porcelain plate.

Nole 2- This is to ensure that the dessicator chamber is filled with
the same solvent fumes as the test solvents.

Place a 7.0 cm medium filter paper or 8 Whatman No. SO filter paper on
the porcelain plate. Thoroughly stir the the asphalt salvent mixture with
a glass rod and place one drop on each of two places approximately 4 cm
spart end immediately cover the dessicator.

If flocculation has occurred on the filter paper, the flocculate will adhere
to paper where the spot was placed yhile the liquid spreads away from
the spot. This appears as a dark spot (flocculate) in the center of a
lighter brown ring. If flocculation hes not occurred, only a relatively
uniform light brown spot will develop and no center dark spot will be
observed. )

This test is used to verify flocculation results when observed with the
microscope. |f spot test end microscope observeations of flocculation do
not agree, both tests should be rerun at thet increment of n-dodecane
with {the same combination of bilumen, toluene, and n-docecane.

A10.0 CALCULATIONS.

A10.1 Calculate S, T,FRDOR, and ( 1 / DR ) for each of the five sample
points ot flocculation.

S=A/8B
T=C/8B
FR=A/D
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DR=D/8
oR™'-1/0R

where :

NS o T RS Y AR

S = ml of polar solvent (toluene) per gram of semple
A = mli polar solvent.
B = weight of sample in grams
. T = m! of non-polar solvent (n-dodecane) per gram of sample.
C = mi of non-polar solvent.

FR = figcculation ratio.

P4 .
Cuafdal

D = sum of polar and non-polar solvents.

[y
(W

DR = dilution ratio.

Al11.0 REPORT.

Altl.1  Anplol of flocculation ratic (FR) versus dilution ratio (DR)
should yield a curved line as shown in Figure Cl(a).

Al11.2 A plot of flocculation ratio {FR) versus the inverse of the
dilution ratio (OR™') should yield a straight line as shown in Figure
Cl(b).

A11.3 Plotting S versus T should result in g straight 'ine 8s shown in
Figure C2.

Al1.4 Resulls are presented in a tabulser form showinyg the following
parameters .

PO = asphaltene peptizability.
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Po = peptizing power of the maltenes.

P = the state of peptization of an asphaltene dispersion

Xmin = minimum volume of non-polar solvent required to precipitate
asphallenes.

cot 3=T/S from Figure C2.

The mathematical relationships between the above parameters are
described below :

Po = FRmax { 1+ ¥min)

P=(1*Xnin)

cot@:(T-To)/S
Where : FR .. = ordinate intercept of the relationship FR versus orR™!.

A linear regression of FR versus bR™! should yteld an 2 value greater
than 0.95.

A11.5 The report should contain a sumrmary of results on the
parameters defined above. Testing personnel should make the plots during
or immediately after the procedure. These curves offer the testing
persnnnel a self-check mechanism on the technique.

A12.0 PRECISION.

A12.2 There is no precision statement at the present Lime. A rule

of thumb is that, for the seme operator, a variation of S percent or less in
the same parameter between separale runs on the same material is
ususlly acceptable.
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A13.0 TITRATION GUIDE.

Al3.1 This is 8 guide to assist the operator as to when

flocculation can be expecled for n-dodecene titrations. It is only & guide.
For a more accurate estimate, it is advisable to perform s dry runusing a
1.0 ml toluene and 1.0g asphalt sample to give a brackel range of the
endpoinl. The guide is generally a threshold volume belov which
flacculation has not been observed. Tests should be made using
increments that approach the suggested limits.

- e T T YV ——

The 0.5 ml toluene-asphall sample generally requires longer to solvate
than the other samples. Therefore, it is recommended that while the 0.5
rl sample is being stirred with the magnetic stirrer, the operator should
proceed {o test the 1.0 m! and 2.0 ml toluene-asphalt samples which
generally require less than 30 minutes to solvate. After these two
saemples have been tested, the operator can proceed with the 0.5, 4.0, and
6.0 ml samples.

——— W T

TOLUENE
CONCENTRATION TITRATION
0.5 This material generally flocculates at about | ml less
n-dodecane than the 1.0 ml toluene-asphalt sample.
1.0 Add n-dodecane in 1.0 ml increments up to 20 ml total.
Check for flgeculation. If no floc 1s formed, add 0.5 ml
increrments of n-dodecane and observe for flocculation until
the volume of titrant i1s 3.0 ml. If no floc 1s ntiserved, reduce
the titrant increments Lo 0.2 ml and continue
20 Approximately 1.0 ml more n-dodecene will t'e required than .
was used to produce floc for the 1.0 ml samp'e g
| e
4.0 Approximately 2.0 - 3.0 ml more n-dodecane will be required A
than was used o produce floc for the 2.0 m! sample. A
{
-
W,
6.0 Approximalely 2.0 - 4.0 mi more n-dodecane will be required <
than was used to produce (loc for the 4.0 ml sample, '
N
-
o
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Note. If at anytime floc particles appear al Lthe edges of the slide,
reduce increments to 0.1 ml additions. Modifiers generally require
considerably more titrant to flocculate and asphalts subjected to RTFO
and other recovered binders generally require less.

REFERENCES
1. This test procedure is under the jurisdiction of the Engineering and
Services Laboratory, Air Force Engineering and Services Center, Tyndall AFB,
FL 32403.
2. 1983 Annual Baok of ASTM Standards, Yolume 403,
3. Heithaus, JJ., "Measurement ond Significence of Asphsltene

Peptization™. Symposium on Fundemental Nature of Asphall Fresented
before the Division of Petroleurn Chemistry, Americen Chernical Society, New
York, Septernber, 1960.

4. weaxman, MH., Deeds, C.T., and Clasman, P.J., "Therma!l Alterations of
Aspheltenes in Peace River Tars™. Society of Petroleum Engineers of AIME,
SPE 9510, September, 1980, pp 1-20. Paper presented at SS5th Annusl Fall
Technicel Conference and Exhibition of the Society of Petroleum Engineers of
AIME, Dallss, Texas, Senternber 21-24, 1980
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Figure Cl(a).

Flocculation Ratio versus Dilation Ratio.
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Figure C1(b). Flocculation Ratio versus Inverse of Dilution Ratio. ’
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Figure C2. Asphaltene Solubility Test Results.

181




[ B O G T

HEITHAUS TEST METHOD
FLOW CHART

—

ASPHALY SAMPLE .

[

DISSOLVE
POLANR SOLVENT

(

L=12,.N TITRATE
NON~POLAR SOLVENT

l

VIORATE FOR
SOME FINITE TiME,
t (mia)

I
l,____—-- OOSERVE l

MICNOSCOPE FILTER PAPEN
(80~400X)

FLOCCULATE
FORMED

NO | YC

“

COMPLETE HEITHAUS

TEST - CALCULATE
PARAMETERS

G .

Figure C3. Heithaus Test Method Flow Chart.
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LINEAR REGRESSION

HEITHAUS SOLUBILITY WAXMAN SOLUBILITY
RESULTS SARPLE 1.0 RESULTS
a < a-s
b = b=
r o= re=
r2: rie
FR_v. OR! s vs. T
0.01 Lo
o | s
0.2 — 2.0
0.3 25
0.4 3.0
. 0.5 3
L 1.0 4.0
_as
X Min. = !b/al= 5.0

cot & = ]/b =

Po=P-a = To = [a/b‘ =
CALCULATIONS CHECKED by
Note: a = vertical axis intercept
= slope
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HELTHAUS TEST

Date __ Sample 1.D. Polar Solvent Tolu
Proj. 4 N-Polar Solvent i j-iﬁ;;;;,

C VNN Aele i e 'y s s R TR F5-F

';: Tsd. by Flask 1.0.
>,
‘l
N, Weight of Flask + Sample gm
" Weight of Flask gm .
- HWeight of Samole gm
e
'-; Volume Polar Solvent: m]
Pd .
Volume Non-Polar Solvent: ml
BURET READINGS AMOQUNT ADDED TOTAL REMARKS
CALCULATIONS:
S = Vol. (Polar Solvent)/Weight of Sample = i
To- " (N-Polar Solvent)/Weight of Sample =
FR = " (Polar Solvent)/Vol. (Polar + N-Polar Solvents) =
DR = " { * + N - Polar Solvents)/Hgt. of Sample =

/DR =

Calculations Checked by:
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APPENDIX D
MODIFIED LOS ANGELES ABRASION

Florida Method of Test
fer

RESISTANCE TO LBRASICN OF SMALL SIZE COARSE AGGRECATE 2Y
USZ OF THE LOS ANCELIS MACHINE

Designartion: M 1-T 096

1. SCoPE

1.1 This wmethod covers a procedurc for testing sizes of coarse aggregate
smaller than 37.5 mm (1 1/2 in.) for resistance to abrasion using the
Los Angeles testing machine.

’ 1.2 Section 8, Modified Los Angeles Abrasion Test, has been added to AASKTO
T 96. This modification shall be used with Lightweight EZxpanded Aggre-
gate for Bituminous Construccion.

Note 1: A procedure for testing coarse 2ggregate larger than 19.0 =m (3/4 in.)
is covered in the Method of Test for Resistance to Abrzsion of Large
Size Codrse Aggregate by the Los Angeles Machine (ASTM C 535).

2.  DESCRIPTION OF TERMS

2.1 Constant Mass - Test samples dried at a tecperature of 110 + 5 C (230 +
9 F) to a condition such that it will not lose oore thzn 0.1 percemt
moisture after 2 n of drying. Such a condition of dryness can be verified
by weighing the sawple before and after successive 2 h drying periods. 1In
lieu of such a determination, samples may be considered to have reached
constant mass when thay have been dried at a temperature of 110 + 5 C
(230 + 9 F) for an equal or longer period than that previcusly found ade-
quate " for producing the desired constant mass condition under equal or
hezvier loazding conditions of the oven.

3. APPARATUS

3.1 Los Angeles Machine - The Los Angeles abrasion testing machine aquipped
witn 2 counter and contorming in 2all {ts essentizl charzcraristics to the
design showm in Fig. 1, shall be used. The machine shall consist of a
hollow steei cylinder, closed at both ends, having an inside diameter of
J11 + 5 nm (28 + 0.2 in.) and an inside length of 508 + 5 wm (20 + 0.2
in. ) The cylxnder shall be mounted on stub shafts attached to the ends
of the cylinder but not entering it, and shall be wounted in such a man-
ner that it may be rotated with the axis in a horizoatal position within
a tolerance in slope of 1 in 100. An opening in the cylinder shall be
provided for the introduction of the test cample. A suitable, dust-tight
cover shall be provided for the opening with means for bolting the cover
' in place. The cover shall be so designed as to maintain the cylindrical
contour of the interior surface unless the shalf 1s so locatcd that the
charge wvill not fall on the cover, or come in contact with it during the
test. A rcmovable stecl shelf extending the full length of the cylinder
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and projecting tnwazd 89 + 2 m (3.5 + 0.1 in.} shall be counted on the
interior cylindrical suriace of the cylincer, or on the inside surface of
the cover, in such 2 way .that a plane centered detween the lzrge faces
coincides wvith an axial plane. Tne shelf shall be of such thickness and
so mounted, by bolts or other suitable o2ans, as to be firm and rigid.
The position of the shelf srall be such that the di{stance f{rom the shelf
to tha opening, mea2sured along the ou:iside circuaizrence of the cylinder
ie the direction of rotation, shall be not less than 1.27 a (50 in.).

2: The use of a shelf of wvear-resistance steel, rectangular {n cross-
section and mounted independently of the cover, is prefarred. How-
ever, a shelf consisting of 2 section of rolled angle, properly
mounted on the inside of the cover plate, way be used provided the
direction of rotation is such that the charge will be caught on the
outside face of the angle. If the shelf becoaes distorted from its
original shape to such an exfent that the requirements given in £1.2
of the Appendix to this method are not met, the shelf shall either
be repaired or replaced before a2dditional abrasion tests are made.

Sieves - Conforming to the Specifications for Wire-Cloth Siesves for Test~

ing Purposes (AASHTO M 92).

Balanae - The balance shall conform to AASKTO M 231, Class E.

Oven - The oven shall be capable cf maintaining a uniforw temperature of

110 + 5 C (230 + 9 F).

ABRASIVE CHARGE

4.1

Note

The abrasive charge shall consist of steel spheres averaging approximately

46.8 mm (1-27/32 in.) in diameter and each weighing betveen 390 and 445 g
(Note 3). .

The abrasive charge, depending upon the grading of the test canple as de-
scribed in Sectior 4, cnall be as follows:

Number of Mass of
Grading Spheres Change, g
A 12 5900 4 25
B 11 4554 ¥ 25
Cc 8 3330 + 20
D 6 2500 + 15

3: Stecl ball bearing 46.0 mm (1-13/16 in.) and 47.6 vm (1-7/8 in.)
diameter, weighing approximacely 400 to 440 g each, respectively,
are readily available. Steel spheres 46.8 mm (1-27/32 in.) in dia-
mater weighing approximately 420 g may also be obtainable. The abra-
sive charge may consist of a mixture of these sizes conforming to
the weight tolerances of Paragraphs 4.1 and 4.2,
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te 5). led co constant mass (sze Sec-
tion 2), serarat actions, and recoabined to the
grading of Tatle 1 wost nearly cocresponding the the range of sizes in
the aggregate as furnished for the work. The zass of the sample prior to
test shall be recorded to the nearest 5 g.

€. PROCEDURE

. 6.1 The test sazple and the azbrasive charge shall be placed in the Los Apgeles
abrasion testing wachine and the aachine rotated at a speed of 30 ro 33 rpm
for 500 + 1 revolutions. The cachine shall be so driven ané so couoter-
balanced as to maintain a substantially unifora peripheral cszed (Note 4).
tfrer the prescribed number of revolutions, the material shall be dis-
charpged frox the machine, and 2 prelimirary separation of the sample zade
on a 4.7% mm sieve. Tace {iner poriion chall then be sieved ea a 1.70 e
(No. 1Z) sieve in a manner conforming to Section 5.1 of AASHIO T 27, Meth-
od of Test for Sieve Anzlysis of Fine and Coarse Aggregates. The
zaterial coarser than the 1.70 =m sieve shall b2 washed, dried to a con-
stant mass (see Section 2), and weighed to the neazrest 5 g (ote 6).

Note &: 2ack-lash or slip in the driving mechznisz is very likely to furnish
test results which are not duplicated by other Los Angeles abrasion
cachines producing cons:iant peripheral speed.

YNote 5: 1f the aggregate is essenrially free frop adherent coatings and dust,
the requirement for washing before and a2fter test may be vaived.
Elirination of washing after test will seldoa reduce the measured
loss by more than about 0.2 percent of the original saople mass.

Note 6: Valuable information concerring the uniformity of the sazple under
test =2y be obtain2d by cdeternining the less after 100 rvevolutions.
This loss should be determined without washing the material coarser
than the 1.70 mm sieve. The ratio of the wash after 100 revolutions
to the loss after 500 revoluations should not greatly exceed 0.20 for
material of uniform hardness. When this determination is made, care
sayld be taken to avoid lesing ony part of the sezplz2; the eatire
sazple, including the dust cf abrasion, shall be returned to the
testing wachine for the fiaal 400 revolutions required to complete
the test.

7. CALCULATION

the test _
of the test

7.1 The difference between the original cass and the final mass of
ar (Note 7).

3
sample shall be expressed as a percenrage of the original =zas
sarple. This value shall be rcported as cthe percentage of we

Note 7: The percentage of wcar determined by this method has no known consis-
tent relationship to the percentage of wear for the same material
vhen tested by ASTM C 535.
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TABLE D1. GRADING OF TEST SAMPLES
M2ss of Indicacad Sizes, g
Sieve Size Grading
Passing Retained on A B [ D
=
37.5 (1-1/2 in.) 25.0 (1 im.) 1250 + 25 — —— —_—
25.0 (1 in.) 19.0 (3/4 in.) 1 250 *+ 25 - N -_
19.0 (3/6 in.) 12.5 (1/2 4n.) 1 250 + 10 2 500 + 10 - —_—
12.5 (1/2 in.) 9.5 (3/8 in.) 1 250 + 10 2 500 + 10 —_— —
9.5 (3/8 1in.) 6.3 (1/4 in.) —_ -—- 2 500 + 10 —_
6.3 (1/4 in.) 4.75 (No. 4) _— —_— 2 500 + 10 _—
4.75 (Ko. &) 2,36 (No. 8) —— - ——- 5 000 + 10
Total —mo———o— - 5000 +10 5000+ 10 5000+ 10 5 000 + i0
/' Direction of
»" Rotation
/{ _~Gasket
i 7 .~ Gasket
J Filler Plate of Same .
,Thickness As Gasket
) . Filler Plate Thickness
46" x 4" x " = %" + Thickness of Gasket
3 Angle Shelf
) " ox 1" x 20"
€ ™ Steel Shelf
K -7%" x %" Plate Cover .-7';," % %" Plate Cover
Alternate Design Preferred Design of ¢ Not Less Than 50"
of Angle Shelf Plate Shelf and Cover \ Measured On
st e 20" rene \Outside of Drum
H 2 =1 _.Rolled Steel Sides  _-—'=~__
=Y 2 ':ﬂ /‘ Not Less Than " ?M:k PR Hih s ‘\
Suggested Motor 5" Opening. i' /
Not Less Than 1 h.p. _,’.‘ﬁ
Direction of'~'
Rotation °=~
Shaft Bearing
Mounted On =
Concrete Pifer ! Concrete Pier
o co. -\or Other Rigid ™™ """ == %u
[Car.ch Pan For Specimen :: upport 1. o ot
Metric Equivalents
in 174 1/2 1 312 4 6 712 20 5 1hp
mm 6.4 12.7 25.4 89 102 152 180 508 1270 746 W
Figure D1. Los Angeles Abrasion Testing Machine.
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5. HMODITIZID LOS ANCELES ABRASION TILT

8.1 Tris =odiffcation shall be vsed with Lightveight Zxzanded Aggregate §
Bituzincus Consiruction.

8.2 Dazar=ine the dry-loose unit wveight (UL) cf the lighitwaight aggregate
8.3 Assume the average unit weight of conventional aggregate to be 90 pef
8.4 Reduce the lightweight 2gzregate sacple by the following formula:

o -x
90 [of

Where: Up = loose unit weight of lightweight aggresate ir pcf,

C = wveight of conventional aggreczte required for grading
standard test oethods,

X = reduced lightweight apgregate szmple charge.

8.5 Reduce the abrasive charge by the following {crmula:

Up = X1
90 Cy
ere: Uy = loose unit weight of lighiveight aggregate in pcf,

C} = weight of abrasive charge required for grading in standar
test nmethods,

. X3 = reduced abrasive chatge for lightweight aggrenate.
8.6 Proceed according to standard test nethod.

Note 8: This modification is necessary for lightweight aggregate to avoid
excessive volume of material in the testing machine.

Note 9: Since it is usually impossible to obtain the exact ibrasive charge
with the steel balls available, obtain the closest :brasive charge
possible to the reduced value and then adjust the weisht of the sam-
ple in proportion to the new abrasive charge.
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ATTACHMENT
MAINTAININCE OF SHEILT
£1.1 The shelfi of the Les Angeles Machine Is subject to severe surface wvear

R A B ake-28a Ada 2% Ale A8 f4n Aig o8 Sl g o ] vw

and impact. With use, the werking suriace of the shelf is pcened by the

balls and tends to develop a ridge of metral parallel to and about 32 cm

(1-1/4 in.) from the junction of the shelf and the inner surface of the

cylinder. If the shelf is rade froo a section of rolled angle, not only .
may this ridge develop but the shelf itself may be bent longitudinal or

transversely from its proper position.

The shelf should be inspected periodiczlly to determige that it is not

bent either lengthwise or from its normal radial position vith respect to v
the cvlinder. If either condition is found, the shelf shouid be repaired

or replaced before further abrasion tests are made. The infiluence or the

rast result of the ridge developed by peexing of the working f{ace of the

shelf is not known. However, for unifora test conditioos, it is recocmen-

ded that the ridge be ground off if its haight exceeds I -z (C.1 in.).
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Tenzative Addition o ™ 1-
RESISTANCT TO ABFASION OF SMALL SIZE COARSE AGGREGATE
BY UST OF TeE LOS ANGEIL:IS T
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1.3 Section 10, Modified Los Angeles Abrasion Test - Fine Aggrecate has also
been added to FM 1-T 096.

10. MODIFIED LOS ANGELZS ABRASION TEST - Fine Angregate

10.1 Abrasive Ch2-ee - Six sleel spheres as for grading D and conicerming to 4.
shall be used.

v 10.2 Test Saaole - Thne test sample shall be preparec¢ as in 5.1 evcepdt that
Table II below shall be used instead of Table I. Additionzlly, in 5.1,
delete the second sentence incluging the refierence te Ncte 5.
Sample is to be washed.

TABLE D2. GRADING OF TEST SAMPLES--FINE AGGREGATE

Mass of indicaiec Sizes, g
Sieve Size Grading

Passing Rezained On J K
oo

4.75 (No. 4} 1.18 (No. 16) i 5000 + 10 -—

1.18 (No. 16) 0.600 (No. 3  —-e--—-- 5000 v 10

10.3 Procedure - Procedure is the same 2s 5.l exceot that a 0.300 == (Ne. 30)
siave srall Se used inst22¢ of a 1.70 o (No. 12) siave for sisving.

10.4 Calculation - Determine the percentage of wear as in 7.1.
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